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FOREWORD 


This manual is designed to serve as a basic text for photographic training and as a reference 
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the air force 
ground photographer 


An Air Force ground photographer’s assignments include a wide variety of 
phases. Pictures of recreation and sports, of routine operations and special 
events, of scientific advancements and “spot” news are required to illustrate 
public information articles. Other pictures are not intended for public release 
but are for the archives of the armed forces — to be used for reference and 
record. These include photographs of all types of activities with emphasis on 
construction, development, and progress. Air Force photographers cooperate 
with research engineers and scientists to record pictures of their experiments 
and technical developments for research and study. During hostilities they 
photograph war equipment and scientific materiel of foreign nations for study 
and analysis. Pictures of crashes and accidents are necessary to aid in determin- 
ing the causes and contributing factors. Identification photographs are required 
for admittance passes to restricted areas of Air Force installations. The ground — 


photographer must make official portraits of personnel for public release. 


Another important phase of the photographer’s work is reproduction. This 
includes not only ordinary copy work, but also the making of photostats, 
ozalids, and lantern slides. Copies of battle maps, mosaics, training material, 


reports, and other documents are required for mass distribution. 


In order to accomplish the photographic work required in these phases, the 
ground photographer must not only acquire an understanding of the funda- 
mentals of photography as presented in this manual, but must also become 
- skilled in camera operation and laboratory techniques through constant 


practice. 


Information in this manual is of a general nature. Information and instruc- 
tions relative to specific items of photographic equipment are set forth in Air 
Force Technical Orders. Consult them for detailed directions concerning the 
operation and maintenance of all standard items of Air Force photographic 


equipment. 
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THE CAMERA AND FILM 


Two of the essentials required to make a pic- 
ture are a camera and film (sensitized material). 

A camera is a light-tight box equipped with a 
lens, shutter, diaphragm, and a means of support- 
ing the film. The lens is fitted to the front of the 
camera; its function is to form an image of the 
subject at the focal plane (where the film is sup- 
ported). The image is formed when the light re- 


flecting from the subject passes through the lens | 


and is projected to the focal plane. In Chapter 2 
the image formation is taken up in much greater 
detail. The shutter controls the duration of time 
that the light is allowed to pass through the lens. 
The diaphragm controls the intensity of the light 
passing through the lens to the film. 

A film consists of a light-sensitive emulsion 
coated on a thin clear base. The base is usually 
cellulose acetate. The emulsion is a thin layer of 
gelatin containing many small particles called silv- 
er halides. The sensitivity of the emulsion is due 
to the fact that the silver halides are affected by 
hight. This makes it possible to record the image 
projected by the lens when the film is placed at 
the focal plane. The reaction of light on the silver 
halides is not visible until the emulsion is treated 
in a chemical solution called a developer. The de- 
veloping solution changes the silver halides affect- 
ed by the light to metallic silver. The amount of 
silver halides affected (and subsequently changed 
to metallic silver) is dependent upon the intensity 
and duration of the light striking the emulsion. 
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MAKING A NEGATIVE 


The light passing through the lens forms a lat- 
ent (invisible) image in the emulsion. To make 
the latent image visible, the film is developed. 
This changes the exposed silver halides to metal- 
lic silver. After development there still remain in 
the emulsion all the unexposed silver halides 
(those unaffected by light). These must be re- 
moved to make the image permanent. This is ac- 
complished by placing the film into another chem- 
ical solution called a fixing bath. This bath makes 
all the unexposed silver halides soluble in water 
but does not affect the metallic silver forming the 
visible image. The film is then washed™to remove 
all chemicals and hung up to dry. Examination 
shows that the image has the same relative size 
and shape as the subject. The colors of the subject, 
instead of appearing as colors, are in shades of 
gray, ranging all the way from black through gray 
to areas that are light, depending upon the bright- 
ness of the subject colors. Further examination 
shows that a light-colored object appears dark and 
a dark-colored object appears light, or in other 
words, the image is reversed in its relative bright- 
ness. Because of this, the developed film is called 
a negative. The reason for this reversal in bright- 
ness is that bright objects reflect more light than 
dark objects and therefore, affect more silver ha- 
lides in the emulsion. The more halides affected 
by light, the darker or denser that area of the neg- 
ative will be. Density refers to the amount of me- 
tallic silver grains contained in the emulsion. 
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MAKING A PRINT 


After the negative has been processed, the 
problem is to produce a positive image from that 
negative. This positive image will be a true repre- 
sentation of the object brightness and is called a 
print. A print is usually made on paper coated 
with a light-sensitive emulsion. This emulsion 1s 
much the same as the emulsion of a film. The 
most common form of photographic printing 1s 
known as contact printing, so-called because the 
negative and printing paper are held in direct con- 
tact, emulsion to emulsion. Contact printing is us- 
ually accomplished on a specially constructed box 
called a contact printer. By means of this contact 





Example 
of a 


Print 


printer, light is passed through the negative to the 
printing paper, resulting in the formation of a posi- 
tive latent image in the emulsion of the paper. 
The time that the light is allowed to pass through 
the negative is called the exposure. After the print- 
ing paper is exposed, the resulting latent image 
is made visible by development. Following devel- 
opment, the print is made permanent by fixing, 
washing, and drying. 

The preceding explanation is a brief outline of 
the steps necessary to produce a _ photographic 
print — the final objective of all photographic proc- 
esses. Later chapters will explain more fully the 
techniques and procedures used in these processes. 








THEORY OF LIGHT 


Photography is the recording of an image on 
sensitized material with light. Therefore, no light, 
no picture. Because light is necessary to photog- 
raphy, you should know something about its prop- 
erties and how it can be controlled. 


Light is a form of wave energy that radiates in 
all directions from its source. It is only one type 
of many similar forms of wave energy. These other 
forms of wave energy include radio waves, Hertzian 
waves (about which little is known), infrared or 
heat waves, ultra-violet rays, X-rays, (the same X- 
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rays that are used by medical science and indus- 
try), gamma rays (those that are released by 
atomic fission in the atomic bomb), and cosmic 
rays which scientists claim hold the key to the uni- 
verse. A simple example of waves similar to these 
energy waves can be made by dropping a pebble 
into a pool of water. The waves spread in expand- 
ing circles until they reach the edge of the pool 
in much the same manner as the rays of light 
spread from the sun (Fig. 1). However, the waves 
in the pool are very slow and clumsy in compari- 
son with the light waves coming from the sun, 
which travel approximately 186,000 miles per sec- 
ond in the air. 
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Fig. 1. Waves of Light 


AFM 95-1 15 SEPTEMBER 1959 


Visible 





ELECTRICAL 
OSCILLATIONS 


Millimicrons 


Fig. 2. Electromagnetic Spectrum 


All forms of wave energy are classified accord- 
ing to their frequency (number of waves per unit 
time) and wave length into a system called the 
electromagnetic spectrum. The diagram of the elec- 
tromagnetic spectrum will give you some idea of 
how visible light fits into the classification (Fig. 
2). 

The measurement of a wave length is from the 
crest of one wave to the crest of the next wave as 
in Figure 3. As you go toward the left of the spec- 
trum chart, the wave lengths become shorter and 
shorter. The longest visible light waves are only 
about .007 mm and the shortest are about .004 
mm. To avoid such small decimals, wave lengths 
are usually measured in millimicrons. A micron 
is 1/1000 of a millimeter and a millimicron is 
1/1000 of a micron; therefore, a millimicron is 
1/1,000,000 of a millimeter. 

Visible light occupies only a very small part of 
the entire spectrum, or from wave lengths of 
about 400 to 700 millimicrons. In Fig. 2, refer to 


CREST OF WAVE 


| ONE WAVE LENGTH : 


Fig. 3. Measurement of Wave Length 





the part which shows the wave lengths of the vari- 
ous colors of light (in air). The diagram shows 
that the light with a wave length of 700 millimi- 
crons is red, that with a wave length of 590 milh- 
microns ts yellow, etc. 

- When light enters a medium of greater density, 
the wave length is shortened but the frequency 
remains constant, and therefore the speed is re- 


duced (Fig. 4). 


CHARACTERISTICS OF LIGHT 


Three primary characteristics of light are trans- 
mission, reflection, and absorption. 

The light may be transmitted or passed through 
the medium. If objects are clearly visible when 
viewed through it, the medium is transparent. Or- 
dinary window glass is an example of a transparent 
medium. If the light is visible through the medium 
but objects are not clearly defined, the medium its 
translucent and the light passing through is said 
to be diffused. Frosted glass is translucent. If the 
medium is neither transparent nor translucent, it 
is Opaque, meaning that it passes or transmits no 
light (Fig. 5). 

The light can be reflected or thrown back from 
the surface of the medium. If the surface of the 
medium is smooth and polished, the reflected light 
is thrown back in the same plane and at the same 
angle as the incident light (light striking the sur- 
face) and the reflection in such cases is said to 
be specular. If the surface of the medium is ir- 
regular, the light is reflected in more than one di- 
rection and in more than one plane. In such cases 
the reflected light is diffused (Fig. 6). It is this 
light which is of the greatest value in photography. 
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Fig. 4. Variation in Speed and Wave Length 
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Fig. 5. Effect of Different Media 





Most objects reflect both specular and diffused 
light. Rough surfaces reflect more diffused light 
than specular, and smooth surfaces usually reflect 
more specular light than diffused. 

If light “is neither transmitted nor reflected, it 
is absorbed or taken up by a medium. Dark ob- 
jects, for example black cloth and dark earth, ab- 
sorb more light than lighter objects such as a white 
sheet of paper or a white slab of limestone (Fig. 
7). When light is incident upon a medium, some 
absorption and reflection always takes place. No 
medium completely transmits, reflects, or absorbs 
all the light incident upon its surface. The follow- 
ing illustration shows how glass not only transmits 
but also absorbs and reflects light (Fig. 8). 

Another important property of light is that it can 
be bent or its direction changed. This bending is 
called refraction. In Fig. 4 you can see that, as 
light goes from one medium to another of differ- 
ent density, its speed and wave length are 
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Fig. 6. Effect of Surface on Reflection 
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Fig. 7. Examples of Color Absorption 
and Reflection 


changed. If the ray of light strikes the glass per- 
vendicularly as in Fig. 4, it passes straight through 
with no change in direction. This is called a 
‘normal’ ray. If, however, the light enters the glass 
obliquely, it is bent or refracted. In order to pic- 
ure how this bending takes place, imagine the 
ight traveling in a flat front with point A (Fig. 
)) entering the glass first. This part — as it enters 
he glass — is slowed down, causing the direction 
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Fig. 8. Light Reflected, Absorbed, and Transmitted 
by Same Medium 


to change to the right in much the same manner 
as the wheels of a car are turned to the right when 
the right wheel runs onto a soft shoulder. In Fig. 
9 you can see that the ray continues in its changed 
direction until it comes to the outer edge where 
point A’ of the ray emerges first and speeds up, 
causing the ray to swing back toward the left. The 
explanation of this action has been resolved into 
the law of refraction, which states that if light en- 
ters a medium of different density at an oblique 
angle, its direction 1s changed so that the ray of 
light is bent toward the normal if the medium ts 
more dense, or away from normal if the medium 
is less dense. This law of refraction is illustrated 
in Fig. 10. It is this property of light that makes 
it possible for a lens to form an image. Light can 
be bent and directed by shaping the surfaces of 
the medium into planes that are not parallel (as 
in a prism) so as to control the bending of the 
light to a desired degree. Figure 11 shows how 
two identical rays of light can be controlled in 
this manner. 
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Fig.9. Refraction 
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Fig. 10. Law of Refraction 


In the first part of this chapter you were told 
that white light was a mixture of all colors and 
that each color had a particular wave length in 
air. When white light is refracted, all of its colors 
or wave lengths are not refracted to the same de- 
gree. Some colors are refracted more than others, 
depending upon the wave length. The shorter the 
wave length of a color, the more it will be re- 
fracted. This means that when white light is 
passed through a prism, as in Fig. 12, the various 
colors that compose the light are separated or dis- 
persed. Dispersion presents a difficult problem in 
making lenses. ener eerste 

If light strikes the edge of an opaque medium deck supra per iel pre 
It 1s scattered slightly. This scattering has been 
termed diffraction. Proof of diffraction is evidenced 
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Fig. 11. Control of Refraction 
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Fig. 12. Dispersion 
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Fig. 13. Diffraction 


by the formation of a shadow with a fuzzy edge 
when light passes by an opaque object. The out- 
side edge is light and indistinct and gradually 
fades into the true black of the shadow, indicat- 
ing that some of the light was scattered into the 
shadow area (Fig. 13). The effect of diffraction 
will be explained in the discussion of the pinhole 
camera and the resolving power of a lens. 

Another important consideration in the study of 
light is the application of filtering. When light 1s 
filtered, parts of it are absorbed and other parts 
are transmitted without change. By filtering you 
can emphasize or change the brightness of certain 
colors of objects to give a desired result in the 
negative and print. The intensity of light may also 
be controlled by filtering. In Chapter 7 the study 
of filters is taken up in detail. 


THE COLOR OF OBJECTS 


The color of an object is due to the manner in 
which it reflects and absorbs light. If an object 
reflects all the wave lengths of white light, the 
object appears white in color. If white light is in- 
cident upon an object that reflects only the red 
waves, absorbing most of the others, the object is 
red. Yellow is the result of most of the blue of 
white light being absorbed and the mixture of red 
and green being reflected (a mixture of red and 
green light makes yellow). Magenta is the result 
of the green being absorbed and red and blue be- 
ing reflected. In other words, the color of an ob- 
ject is due to the mixture of the colors of lght 
that are reflected or transmitted, the remaining 
colors being absorbed. 

Another factor that you must take into consid- 


eration when studying the colors of light is the 
brightness of a color. Most people see yellow as 
the brightest color and violet as a very dark color. 
Green seems almost as bright as yellow; red and 
blue fall between yellow and violet. Each color, 
taken from the same intensity of white light, has 
a different brightness value. In black and white 
photography, it is this brightness value, recorded 
on the film in shades of gray, that indicates the 
color of an object. The way in which light of dif- 
ferent colors affects photographic emulsions is de- 
pendent upon the type of emulsion involved. The 
subject is discussed in Chapter 3 on photographic 
emulsions. 


HISTORY AND PRINCIPLES 
OF THE LENS 


History 


The forerunner of the modern camera with lens 
was the camera obscura, meaning dark box, 
thought to have been originated by Aristotle, the 
Greek philosopher, about 350 BC. It consisted of 
a darkened room with a small hole in one wall. 
The light rays passed through the small hole and 
projected an image on the opposite wall. Although 
there was no permanent recording of the image 
with sensitized materials until the eighteenth cen- 
tury, the camera obscura was put to use by mediev- 
al scientists — in studying eclipses of the sun — 
and by artists — to help them with their drawing 
and perspective. There were many variations of 
the camera obscura — some were rooms, others 
were compartments mounted on wheels or poles, 
and still others were small portable boxes. They 








AFM 95-1 15 SEPTEMBER 1959 





Fig. 14. Inverted Image 


all worked upon the same principle: the light re- 
flecting from objects in front of the hole passed 
through the hole and projected an image of those 
objects on the opposite wall. The image had one 
peculiar characteristic — it was inverted, as are 
the images of modern lenses. The explanation of 
this is dependent upon the fact that light waves 
travel in straight lines. Figure 14 shows that hght 
from a point at the bottom of the tree travels in 
a straight line up through the small hole until it 
strikes the upper region of the opposite side of 
the box. Light from a point at the top of the tree 
travels in a straight line down through the hole 
until it strikes the bottom region of the opposite 
side of the box. Thus the light, as it reflects from 
the various points of the object, travels in straight 
lines through the hole to form an inverted image. 

The main drawback of the camera obscura was 
that it produced too faint an image, due to the 
fact that very little light passed through the small 
hole. If the hole were made larger, the image 
would become too blurred; therefore, a better 
method had to be divsed to make the image bright- 
er or more intense. Another objection to an image 
formed by a small hole is its lack of sharpness. This 
is caused by the diffraction of the light as it passes 
through the pinhole. The smaller the hole, the 


more apparent the diffraction. Although the dif- 
fraction is normally very slight, it is still sufficient 
to cause a slight blurring of the image. 

It was not until the sixteenth century that a lens 
was used in a camera. Leonardo da Vinci wrote 
of the pinhole camera in the early part of the six- 
teenth century but made no mention of a lens. In 
the latter part of the century, Danielo Barbaro, 
another artist, was the first to write of using a lens 
with the camera. The first really portable camera 
with a lens and viewing glass was reported by 
Zahn, an oculist, in 1665. 


Principle of a Lens 


The basic principles of the first lenses, and all 
subsequent lenses, are relatively simple. First con- 
sider an image formed with a single pinhole as in 
Fig. 15. Now consider another pinhole above the 
first. This pinhole forms a second image. If the 
two images were made to coincide, the result 
would be an image twice as bright as either one. 
Now consider a third pinhole on one side of the 
first, a fourth on the other side, and a fifth below 
the first. All four pinholes would project separate 
images slightly removed from the first or center 
one (Fig. 16A). If these four images could be 
made to coincide with the center one, the result 


Lens used in place of prisms and pinholes 





Fig. 15. Image Formed by Single Pinhole 
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Fig. 16B. Separate Images Made to Coincide 


would be an image five times as bright as an image 
made from the one center pinhole. Through the 
principle of refraction, these four images can be 
made to coincide with the center one. By placing 
behind each pinhole a prism whose surfaces are 
cut and ground to the proper degree, the light form- 
ing each of the four images can be bent or re- 
fracted to form a single image which is five times 
as intense (Fig. 16B). 

In other words, the more pinholes and prisms 
used to form an image, the brighter or more in- 
tense the image would be. A system could be 
made in such a manner, with many prisms fitted 
side by side around a central point with a pinhole 
in front of each. Such a lens, however, would be 
cumbersome, difficult to manufacture, and prohibi- 
tive in cost. Therefore, a lens was made which 
represented a series of prisms or a_ continuous 
prism made from a single, circular piece of glass. 
This type of circular prism (lens) eliminated the 
necessity of having many individual pinholes be- 
cause the lens itself forms the image in the same 
manner as two prisms placed base to base (Fig. 
17). Incorporated into this lens system was an ad- 
justable opening, which when made larger or 
smaller controlled the intensity of the light reach- 
ing the focal plane. 

A lens not only increases the brightness of the 
image, but also improves the image sharpness and 


enables control of the image size from specific dis- 
tances. The sharpness is improved through the 
minimizing of diffraction, which occurs when the 
light strikes the edges of the small pinhole as it 
passes through. The image size at specific distanc- 
es is controlled by the focal length; the brightness 
of the image is controlled by the lens speed. 


,, 
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Fig. 17. Lens 
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OBJECT 


Formation of Image by Lens 


FOCAL LENGTH AND LENS SPEED 


Two Major Characteristics of a Lens 


FocaL LENGTH. When light is reflected from a 
point of an object through a lens, the closer the 
point to the lens, the greater is the angle of the 
spread of the light rays from the object to the lens 
(Fig. 18). As the point gets farther away from the 
lens, the angle of spread becomes less and less 
until a distance is reached at which the rays, for 
all practical purposes, can be considered parallel. 
This distance is termed infinity (Fig. 19). 

When a lens projects an image, the plane in 
which the image is sharply formed is called the 
focal plane. Focal lengths refers to the distance 
from the center of the lens to the focal plane when 
the lens is focused on a point of infinity (Fig. 20). 
The manner in which the light rays are refracted 
determines the focal length. This refraction, in 


Rays from o near point to 
a lens spread considerably 


OBJECT 
POINT 


Rays from co far point spread a little 


Fig. 18. Spread of Light Rays 








turn, depends upon the nature of the glass, the 
curvatures of the lens surfaces, and the separation 
of the lens elements. The first two factors are 
fixed qualities, but the third can be changed in 
some lenses. Therefore, the focal length remains 
constant for all lenses except those few which have 
movable or removable elements. 





@ OBJECT POINT AT INFINITY 





Parallel rays from a point at infinity (Infinite Distance) do not spread. 
Fig. 19. Parallel Light Rays 


l-———- FOCAL _ LENGTH 


AXIS OF LENS 


Parallel light rays 
from infinite distance 


LENS 


Fig. 20. Focal Length 
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Lens with diaphragm wide 
open admits much light. 











Same lens with diaphragm closed down 
to a small opening admits little light. 


Fig. 21. Effect of Diaphragm Opening on 
Image Brightness 


SPEED OF A LENS.. The second major characteris- 
ic of a lens, its speed, refers to the intensity of 
ght that forms the image. This intensity, usually 
idicated by an f/number, is dependent upon the 
elationship of two factors: the diameter of the 
iaphragm opening and the focal length of the 
ens. You can easily see that, other factors remain- 
ng constant, a larger opening admits more light 
ris faster (Fig. 21) and a longer focal length lens 
vith the same diameter of opening decreases the 
ight intensity or is slower. In the same way that 
he card gets dimmer as the flashlight is moved 
way (Fig. 22), the image becomes dimmer as the 
ocal lengh is increased, because the light must 
ravel farther to reach the focal plane (Fig. 23). 


Focal length 10° 
LENS 


LICHT SOURCE 


Diaphragm is same dia- 
meter for both lenses 


LIGHT SOURCE 


LENS 





Card appears bright 
| 


Deal | 


Bo ed 10 feet —_——_—_-+ 


FLASHLIGHT 


Fig. 22. Effect of Distance on Brightness 


In other words, the intensity of the light varies 
directly as the size of the opening and, indirectly 
as the focal length. The relationship of distance 
to the intensity of light is mathematically ex- 
pressed by the inverse square law, which states 
that the intensity of light varies inversely with the 
square of the distance of the light from its source. 


Example 
If you place a card one foot from a light 
source, the light striking the card 1s of a 
certain intensity. If the card 1s moved 
two feet away, the intensity of the light 
decreases unth the square of the distance 
(2? or 4 tames) and ts % as bright. 


Focal plane appears bright 


Same size 
focal plane 
appears dim 


Focal length 20° 


Fig. 23. Effect of Focal Length 
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Light covers 1 sq. ff. 








2 ft. 
Same amount of liaht covers 4 sq. ft. 
Black square receives % as much light as it did at A. 


3 ft. 
Same amount of light covers 9 sq. ft. 
Black square receives '/*s as much light as it did at A. 


4ft. 
Same amount of light covers 16 sq. ft. 
Black square receives '/. as much light as it did at A. 


Fig. 24. Inverse Square Law 
If the card ts moved 3 feet away, the 


decrease 1s 3* or the light ts '/) as in- 
tense. If the card ts moved 4 feet away, 
the light ts '/,6 as intense (Fig. 24) . 

Combined in a formula, FL/D, the focal 
length and the diameter are expressed 
as a ratw called the f/number (Fig. 25) . 
For example, uf the focal length 1s 6 
inches and the diameter ts 1% inches, 
the f/number is 6/1.5 or f/4. Because 
the f/number ts a ratio between the focal 
length and the diameter, all lenses with 
f/numbers of the same numerical value, 
regardless of focal length, give the same 
intensity of light on the focal plane, 
other factors remaining constant (Fig. 
26). Fig. 25. Speed of a Lens 


Speed of a Lens or f/number = r 








Fig. 26 Equal Brightness with Equal f/numbers 
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Using this formula as a basis and starting at 1, 
f/numbers have been chosen and put into a series 
in which each successive number indicates an open- 
ing that admits 1 as much light as the opening 
indicated by the previous f{/number. These {/num- 
bers, sometimes called full stops, are 1, 1.4, 2, 2.8, 
4, 5.6, 8, 11, 16, 22, 32, 45, and 64. The important 
thing to remember is that as the number increases, 
the amount of light admitted decreases and that 
the decrease is exactly 4 for each full stop. All 
good lenses have an adjustable diaphragm to con- 
trol the diameter of the lens. As the connecting 
lever is moved to change the opening, it points to 
the corresponding f/number marked on the lens 
barrel. Unfortunately the {/numbers marked on the 
lens barrel are not always full stops. Due to lens 
design they may start at a half-stop, a three-quar- 
ter stop, or even just an arbitrary point. In such 
cases the next f/number is usually a full stop, but 
then again the one following it may be a half stop. 
To insure accuracy in figuring the exposure from 
one f/number to the next, the full stops should be 
memorized or calculated. One method of figuring 
full stops is to multiply each successive number 
(starting at one) by the square root of 2 (1.4). 
Another method of comparing the relative value 
of f/stops is by using the rule that the light ad- 
mitted by any f/stop varies inversely as the square 
of the f/stop. 


CIRCLE OF CONFUSION AND 
FOCUSING 


When a lens bends rays of light to form image 
points at the focal plane, these images, represent- 
ing points of the object, are not exact points but 
rather slight blurs. This is due to the fact that 


all the hght rays do not come to a point in the 
same plane and therefore create a blur at any one 
plane. The diameter of the circle to which the 
image of a point spreads or blurs is termed the 
circle of confusion (Fig. 27). 


POINT OF CRITICAL FOCUS 
WHERE SPREAD IS LEAST 





AREA OF ACCEPTABLE FOCUS 
WHERE SPREAD FROM SINGLE 
POINT DOES NOT EXCEED 1/100 INCH 


Fig. 27. Circle of Confusion 


If the actual measurement of this circle of con- 
fusion is 1/100 of an inch or less, it is seen by 
the eye as a point if viewed at least twelve inches 
away. When this circle of confusion, or lack of 
sharpness, is the smallest that can be produced by 
the lens, its spread or blur is dependent upon just 
how accurately the lens brings the rays of light to 
a point. In such cases the circle of confusion is 
called the minimum circle of confusion and ts a 
fixed property of the lens. No lens is perfect in de- 
sign or manufacture; however, the minimum circle 
of confusion of high grade lenses is usually much 
smaller than 1/100 of an inch. 

You were shown in Fig. 20 that a lens yields 
images of points of an object at infinity distance 
(parallel rays of light), but nothing was said about 
objects closer to the lens. In Fig. 28 you can see 


Subject at “‘B"’ focuses at this plane to get ‘minimum circle of confusion”. 
Subject at “A” focuses at this plane to get “minimum circle of confusion”. 


Rays from object 
at infinity 


SUBJECT “A” SUBJECT ‘‘B”’ 





; 
‘ 
t 
' 
! 
t 
' 
t 
* 
' 
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Saeco so eo ee 


+-FOCAL LENGTH-—> 


Fig. 28. Variation in Focal Distance with Distance of Object 
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IMAGE AT 
SHARP FOCUS 


IMAGE 


Fig. 29. Conjugate Distances 


that objects closer than infinity can also form im- 
age points, the only difference being that the focal 
plane is moved farther away from the lens. From 
this figure it can be seen that the distance from 
the lens to the film must be increased for objects 
that are closer than infinity. When the distance 
from the lens to the focal plane is changed to 
give the minimum circle of confusion for objects 
closer than infinity, assuming that the camera was 
originally focused on infinity, the term focusing 1s 
applied to the operation and the distance from the 
center of the lens to the focal plane is called the 
focal distance. The focal distance differs from the 
focal length in that the focal length is the distance 
from the center of the lens to the focal plane only 
when the lens is focused upon infinity, whereas the 
distance to all other planes of focus is focal dis- 
tance or bellows extension. 

For each distance between an object and the 
lens there is a corresponding distance from the lens 
to the focal plane. These distances, called conju- 
gate distances or foci, vary inversely — as one in- 
creases the other decreases and vice versa (Fig. 
29). When the lens is used to make an image of a 
desired scale, the conjugate distances can be found 
by applying the following formulas: 

_umage length 

~ object length 
(Image distance) Bellows extenswn = 
(scale + 1) 


Object distance = 


FL X 


image distance 
scale 
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Example 


If you wanted the image of a small tool 
to be one half the actual scale using a 
12-inch lens, the solution would be as 
follows: 


Image distance = 12 X (2+ 1) = 
18. 
Object distance = 18/¥% = 36. 


If the desired scale were 1/10, 1/3, or 
turce that of the actual scale, the prob- 
lem would be worked in the same 


Manner. 


EXPOSURE AND BELLOWS EXTENSION 


The total exposure given to any film is the prod- 
uct of the intensity of light (f/number) and the 
duration of that light (shutter speed) — in other 
words, the time times the intensity. 

You can easily see how the total exposure varies 
with the shutter: speed. 


Example 


1/25 of a second gives twice as much 
exposure as 1/50 of a second ; 1/100 
of a second gives half as much as 1/50 
of a second ; 1/200 of a second gives half 
as much as 1/100; etc. 


When you check the relationship of the f/stop 
to the total exposure, the problem becomes more 
involved. You were told about full stops — how to 
determine them and that they decrease the intens- 
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LENS 


Moximum 
coverage 


Moximum plate size possible 





Fig. 30. Angle of Field 


ity of the light by half as the opening is decreased 
from one full stop to the next full stop. Another 
factor, however, complicates the problem — the 
f/numbers marked upon the barrel of the lens are 
correct only as long as the lens is focused upon an 
object at infinity distance. The {/number is the ra- 
tio between the focal length and the aperture 
(FL/D). However, more often than not you focus 
on objects closer than infinity distance. This in- 
creases the distance of the focal plane from the 
lens because the closer the object to the lens, the 
farther the focal plane is from the lens (conju- 
gate foci). You also know that the farther the fo- 
cal plane is from the lens, the less the intensity 
of the light, according to the inverse square law. 
Therefore, when the focus is on any object closer 
than infinity, the light striking the focal plane is 
less than indicated by the f/number, which is cor- 
rect for only one focal length. Ordinarily, compen- 
sation for this increase in bellows extension does 
not become necessary except when objects are very 
close to the lens, because until then the bellows ex- 
tension (conjugate distance) 1s not very great. 
When the object is close enough to the lens to 
Cause an increase in the conjugate distance (bel- 
lows extension) of 14 the focal length, the differ- 
ence is sufficient to necessitate an increase in the 
exposure. 


To find the effective {/number in cases of ex- 
tended bellows, substitute the focal distance (the 
total bellows extension) for the focal length in the 
original f/stop formula: 


F dist (bellows ext) 
Eff. ff stop = ia tia E aD 
To compute exposure in cases of extended bel- 
ows, it is not necessary to find the effective f/value. 
Instead, the following formula can be used to de- 
termine the proper exposure: 


FL? 


original exposure time 


new bellows extension? new required exposure time 


Example 
The required shutter speed ts one second 
at a particular f/stop using a 12-inch 
focal length lens. What 1s the shutter 
speed at the same f/stop if the bellows ts 


extended 24 inches ? 
127, 1 144X = 576 - 


9" xX 


If the same problem gave an original 
f/stop of 8 and a desired f/stop of 16, 
the solution would continue as follows: 


16" 256 gy 
8? 64 tmes 


X = 4 se 


4X4 secs = 16 secs 
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Films can be moved within the usable portion of the 
circle of iiumination as shown by the dotted lines. 


Fig. 31. Angle of View 


}* FOCAL LENGTH 12” 


Image projected to focal plane 
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30 ft. haat 


le—_—_—— FOCAL LENGTH duane 30 ft, + 


Image projected to focal plane 


Images on focal plane are proportional to the focal length. 


Fig. 32. Effect of Focal Length on Image Size 


APPLICATION OF FOCAL LENGTH 


You were told what the focal length of a lens 
is, but nothing about its practical application. 
Coverage and image size are all tied in with focal 
length. 


Coverage 

The focal length of a lens is a determining fac- 
tor in the coverage of that lens. The maximum cov- 
erage of a lens is expressed in degrees as the angle 
of field. The angle of field of a lens is the widest 
angle at which light enters the lens and produces 
the usable portion of the circle of illumination at 
the focal plane. The total circle of illumination is 
the circle of light formed at the focal plane by all 
the light entering the lens. The light around the 
edges of this total circle of illumination falls off 
in intensity before it disappears completely; there- 
fore, that area adjacent to the edge is not usable. 
For this reason, the maximum size of the plate 
(film) that can be used with a lens depends on 
the angle of field, since any part of the plate ex- 
tending beyond the usable circle of illumination 
yields an indistinct image (Fig. 30). The size of 
the plate ordinarily used with a lens is also limited 
by adjustments of the lens position and plate posi- 
tion. These necessitate the use of a smaller plate, 
due to the fact that such adjustments sometimes 
move the plate about in a circle of illumination. 
As you can see in Fig. 31, the plate area must be 
within. the usable circle of illumination during 
these movements. The angle of view determines the 
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coverage of a lens with a particular plate size (Fig 
31), and therefore is dependent upon that plate 
size, assuming the bellows extension remains un- 
changed. Because the angle of field determines the 
maximum coverage of a lens, it determines the 
largest plate size that it is possible to use with a 
lens. 


Size of Image 

The focal length of a lens (subject distance re- 
maining constant) governs the size of the image. 
The longer the focal length, the larger the image 
on the plate. In other words, if two lenses of dif- 
ferent focal lengths were used at the same distance 


from an object, the lens of longer focal length 
would give a larger image size (Fig. 32). 


Perspective 


You see objects in three dimensions, but a len: 
forms images in only two dimensions (single 





Fig. 33. Perspective 
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lane). The missing dimension, depth, is suggested 
yy the relative position and size of the objects in 
he image. The relation of these objects, called per- 
pective, is of considerable importance because it 
ontrols the naturalness of the picture. Good per- 
pective represents in one plane, objects as they ac- 
ually appear to the eye. Fig. 33 is an example of 
‘ood perspective because the drawing appears 
iatural, or as the eye actually sees the scene. 

In photography, perspective depends on two 





Fig. 34A. 
Camera Viewpotnt 
at a Distance from 
Subject (Negative 

Enlarged) 


things: the distance at which the print is viewed 
and the camera position (direction and distance 
from the subject when picture was taken). To ob- 
tain a normal perspective from a print, that is, one 
that looks exactly as though the scene was being 
viewed from the lens position, the print should be 
viewed from a distance equal to the focal length 
of the taking camera, or in the case of a projection 
print, this distance multiplied by the number of 
diameters of enlargement. 


Fig. 34B. 
Camera Viewpoint 
Close to Subject 
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Short Focal Length 


Normal Focal Length 


Fig. 35. Distortion Due to Incorrect Lens 


It is the viewpoint, however, that the photog- 
rapher is primarily interested in because by select- 
ing various viewpoints he can obtain a variety of 
effects. A viewpoint that is at a distance from the 
subject tends to increase the size of the background 
in relation to the foreground, thus giving an im- 


pression of a greatly reduced distance between th 
two (Fig. 34A.). On the other hand, a viewpoin 
close to the subject produces abnormally large fore 
ground and background images, thus giving an im 
pression of greatly increased distance between th 
two (Fig. 34B). 





Short Focal Length 
Fig. 36. Selection of Lens for Wide Angle of View in Cramped Quarters 


Normal Focal Length 
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Fig. 37. Selection of Lens for Proper Image Size of a Distant Object 
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Since the focal length of a lens does not affect 
perspective, the importance of selecting the proper 
focal length lies only in obtaining good image sizes 
from the desired viewpoint. Thus, if a distant view- 
point is selected, a long focal lens should be used 
in order to get a large enough image (Fig. 36 and 
37). 

When speaking of focal length as being normal, 
long, or short, it should be realized that these terms 
are relative to the plate dimensions or more spe- 
cifically, the diagonal of the plate. The normal 
focal length for a 4 x 5-inch plate would be ap- 
proximately 6% inches; for an 8 x 10-inch plate, 
about 12 inches. From this you can see that what 
is a normal focal length for one plate might be a 
long or short focal length for another. The angle 
of view for normal focal length lenses varies from 
about 45 to 55 degrees. Any lens with an angle of 
view above 55 degrees is generally called a wide 
angle lens and is of short focal length. All lenses 
with an angle of view below 45 degrees are said 


to be of long focal length. 


DEPTH OF FOCUS AND 
DEPTH OF FIELD 


Depth of Focus 


As you can see in Fig. 38, if the plane of focus 
is moved slightly either forward or backward, the 
size of the blur surrounding the image points of 
an object focused upon is increased over the orig- 
inal blur or minimum circle of confusion. As the 
distance of the movement increases, the circle of 
confusion increases. Because the minimum circle of 
confusion of most lenses is much less than 1/100 
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Blurred Circle © 
Minimum blur that lens can produce . 


Fig. 38. Depth of Focus 


of an inch, slight movements in the focal plane 
will still permit an image of acceptable sharpness 
As the distance of the movement increases, how. 
ever, the circle of confusion becomes greater anc 
greater and the image becomes less and less sharp 
The distance that the focal plane can be movec 
forward or backward of the point of exact focu: 
and still give an image of acceptable sharpness (cir. 
cle of confusion of 1/100 of an inch or less) i 
called the depth of focus. 


Depth of Field 


Coriesponding to this depth of focus behind the 
lens is the depth of field of the objects in front of 
the lens. Of all the points of the object, only those 
in one plane can be brought to the point of exaci 
focus (minimum circle of confusion). All objec 
points in different planes, closer to or farther from 
the lens, reproduce image points with an increasec 
spread or blur (circle of confusion). If the in- 
creased blur is within the limits (1/100 of an inch) 
for a point, that point is considered sharp anc 
within the depth of field. In simple words, dept 
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Fig. 39. Depth of Field 
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Focusing far away 


Out of focus 


Focusing close . 


Fig. 40. Effect of Distance on Depth of Field 


of field is the distance from the nearest plane in 
acceptable focus to the farthest plane in acceptable 
focus. 

The implication of depth of field in photography 
is enormous because practically all objects, except 
perhaps most copy subjects, are in more than one 
plane — have depth. Although the focus is upon 
one particular point in the object, other points to 
the front and rear still appear acceptably sharp — 
are within the depth of field (Fig. 39). If this 
fact were not true, photography probably never 
would have progressed any further than the cam- 
era obscura stage. 

In order to determine depth of field you must 
first find the hyperfocal distance. This is the dis- 
tance from the center of the lens to the nearest 
plane appearing in sharp focus when the lens is 
focused on infinity. The following formula is used 
to determine the hyperfocal distance: 


Focal length squared X _1/acceptable circle of confusion 


f/number X 12 (convert answer to feet) 


Using the hyperfocal distance obtained from the 
above turmula, you can calculate the near and far 
points of the depth of field for any given distance 
with the following formulas: 


HFD X d (object distance) 
HFD plus od 


HFD X od 
HFD — od 


Near point = 
Far pont = 


The depth of field then would be the far point 
distance minus the near point distance. 
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Example 
Find the depth of field for a 12-inch lens 
at f/10 focused upon a pont 10 feet 
away tf the acceptable circle of confusion 
1s 1/100 inch. 


HED = 
12 xX 100 144 
OX 12 ~ 12 — 120ft 


N, eek 120 X 10 | 1200 
car pant = 7594 10 ~ “130 
; 120 X 10 
Far pant = 720 10~ 10.9 ft. 
Depth of field = 10.9 — 9.2 = 1.7 ft. 


The hyperfocal distance is also needed to utilize 
the maximum depth of field of a lens. The maxi- 
mum depth of field of any lens can be obtained 
by focusing on a point at the hyperfocal distance. 

This brings everything from 1% the hyperfocal 
distance to infinity into acceptable focus. 

Four factors affect depth of field — remember 
these: 

FocaL LENGTH. Other factors remaining con- 
stant, the shorter the focal length, the greater the 
depth of field. 

THE DISTANCE OF THE OBJECT FOCUSED UPON. 
Other factors remaining constant, the farther the 
object from the lens, the greater the depth of field 
(Fig. 40). 

THE DIAPHRAGM. Other factors remaining con- 
stant, the smaller the diaphragm, the greater the 
depth of field (Fig. 41). It should be understood, 
however, that stopping down the diaphragm does 
not improve the sharpness of the point focused up- 


= 9.2 ft. 


Within depth of field 
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Out of focus 


Small diaphragm opening 


Fig. 41. Effect of Diaphragm Opening on Depth of Field 


on, but rather makes points to the front and rear 
sharper. 

CIRCLE OF CONFUSION. Other factors remaining 
constant, the larger the acceptable circle of con- 
fusion before the picture is declared unsharp, the 
greater the depth of field. As stated before, the 
largest circle of confusion generally accepted by 
the eye is 1/100 of an inch when the print is viewed 
from a distance of at least 12 inches. If the print 
is to be viewed at a distance closer than 12 inches, 
a smaller circle of confusion is necessary; if viewed 
from a distance greater than 12 inches, a larger 
circle of confusion is acceptable. Another factor to 
consider is the fact that the circle of confusion in- 
creases if the print is enlarged. If the circle of con- 
fusion of a certain point is 1/100 of an inch, and 
the print is enlarged by two diameters, the circle 
of confusion will be increased to 1/50 of an inch. 
Other factors remaining constant, a loss in depth 
of field will result. 

The actual mathematical computation of depth 
of field is seldom resorted to in ordinary photog- 
raphy. In most cases the image is checked for 
sharpness and if found lacking, the factors controll- 
ing depth of field are changed to give satisfactory 
results. By far the simplest and easiest method is 
stopping down the lens, although increasing the 
object distance or decreasing the focal length is 
sometimes used if conditions warrant. The first 
step in securing an image with over-all acceptable 
sharpness is to determine exactly what part you de- 
sire to be sharp —the nearest point and farthest 
point you wish to be included in the depth of field. 
Then focus on a point 2/5 of the distance from 
the near to the far point with the diaphragm at 
its widest setting. Then stop the lens down while 
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checking the image sharpness. When the parts of 
the image you desire to be sharp appear acceptable, 
the depth of field is sufficient for a contact print. 
If an enlargement is desired, continue to stop the 
lens down slightly more for each degree of en- 
largement. 

There is a reason for focusing 2/5 into the de- 
sired depth of field. As the lens is stopped down, 
three units to the rear of the point focused upon 
come into sharp focus for every two units to the 
front. However, this is exact only for the average 
scene because such a ratio exists only at one point 
of focus — near the hyperfocal distance. As the 
point focused upon becomes closer to the camera, 
this ratio approaches equality. When the point of 
focus is two focal lengths away, the ratio is exact- 
ly 1 to 1, making the depth of field to the front 
and rear of the point focused upon equal. For prac- 
tical purposes, the 2/5 distance may be used unless 
the point focused upon is within six feet of the lens. 


DEFINITION OR RESOLVING POWER 


The definition or resolving power of a lens is 
its ability to reproduce fine detail. Two factors in- 
fluence the definition of a lens — the quality of the 
lens and the diffraction of light as it strikes the 
diaphragm. The maximum definition of any lens 
is dependent upon the minimum circle of confu- 
sion of that lens, which, in turn, is controlled by 
the quality of the lens. Geometric limitations in 
the design of lenses make it impossible to create a 
lens of uniform quality from its center to its edges. 
The edges retain aberrations which greatly affect 
definition. Therefore, to obtain the best definition 
of most lenses, many manufacturers recommend 
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BI-CONVEX 


BI-CONCAVE 


PLANO-CONVEX 


PLANO - CONCAVE 


CONVEXO-CONCAVE " 
(POSITIVE MENISCUS) 


CONCAVO-CONVEX 
(DIVERGING MENISCUS) 


Fig. 42. Types of Lenses 


eliminating the use of the edges by decreasing the 
diaphragm of moderately fast lenses (those around 
{/4.5) about two stops from the wide open posi- 
tion. Most manufacturers recommend the oftt- 
mum aperture of a particular lens. This refers to 
that aperture at which the lens operates best. The 
diffraction of light as it strikes the edge of the dia- 
phragm causes the light to spread slightly as it 
passes to the focal plane where, in turn, the spread 
or blur of the image points is increased. The loss 
in definition due to diffraction increases as the dia- 
phragm is stopped down. This may be a very im- 
portant consideration for subjects in one plane. 
However for subjects with any depth, the decrease 
in definition due to diffraction is usually offset by 
the increase in sharpness due to the increased 
depth of field. Extremely small apertures are a pos- 
sible exception to this. Resolving power or defini- 
tion is usually measured in lines per millimeter. 
Thus if the resolving power of a lens is said to be 
100 lines per millimeter, the lens — under the cor- 
rect conditions — will record 100 definitely separat- 
ed lines per millimeter. Most high quality lenses 
have a resolving power that far exceeds the resolv- 
ing power of the average film. 


TYPES OF LENSES AND ABERRATIONS 


There are six different types of single lenses. 
These are divided into two general classes — con- 
verging (positive) and diverging (negative) lenses 
(Fig. 42). A positive lens converges rays of light 
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toward the lens axis to form image points, whereas 
a negative lens causes the rays to diverge from the 
axis and not form image points. It is relatively 
simple to determine whether a lens is positive or 
negative. A positive lens is thicker in the center 
than at the edges, while a negative lens is thicker 
at the edges than in the center. 

Alone, one of any of the three types of positive 
lenses can project an image. The type used most 
often singly is the convex-concave, commonly 
called meniscus. Because single component lenses 
suffer from serious defects due to lens aberrations, 
they are used only on the cheaper cameras. By com- 
bining different types of lenses and optical glasses, 
these defects are cut to a minimum in the more ex- 
pensive lenses. The following descriptions of the 
common types of aberrations will give you an idea 
of the problems confronting a lens designer: 


Marginal light rays will not focus in the same 
plane as rays passing through the center 


Fig. 43. Spherical Aberration 
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Fig. 44. Coma Fig. 46. Astigmatism 


Spherical aberration is the inability of a lens to 
bring all points of an image to a sharp focus in 
one plane. This is due to the fact that the rays 
coming from the outer edges of the lens (marginal 
rays) are brought to a focus in a plane nearer 
to the lens that the rays coming from the center 
of the lens (Fig. 43). 

Coma is the inability of a lens to give equal mag- 
nifying powers in all areas of the lens. This results 
in an image point somewhat resembling a comet. 
Coma is sometimes referred to as lateral spherical 
aberration (Fig. 44). 

Chromatic aberration is the failure of a lens to 
bring all colors in an incident ray to the same point 
of convergence (Fig. 45). 

Astigmatism is the inability of a lens to project 
a sharp image of lines running in different direc- | 
tions as, for example, a cross (Fig. 46). Fig. 45. Chromatic Aberration 








Fig. 47. Curvature of Field 


25 Digitized by Google 
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Internal reflection rays do not fall into 


focus and therefore form a ghost image. 


FOCAL POINT 


FOCAL PLANE 


Fig. 48. Optical Flare 


Curvature of field is the inability of a lens to 
form images of flat objects in one plane. Either 
the edges or center of the image may be sharp but 
both are not sharp in the same plane (Fig. 47). 

Flare is of two kinds — mechanical and optical. 
Mechanical flare is caused by reflection from some 
bright spot within the lens mounting or from a 
bright object near the lens. Optical flare is more 
common because it is present in every lens. It ts 
caused by the reflection of light as it strikes indi- 
vidual lens surfaces (Fig. 48). Generally speaking, 
more expensive lenses show more optical flare than 
cheaper lenses because they have more reflecting 
surfaces. Flare causes the appearance of patches of 
light or ghost images within the regular image. A 
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recent development, the coating of lenses, has con- 
siderably reduced flare in modern lenses. 

Curvilinear distortion is the incorrect rendering 
in the image of straight lines of the object. It is 
usually caused by the position of the lens dia- 
phragm. If the diaphragm is placed in front of the 
lens, straight lines are bowed outward to give bar- 
rel distortion. If placed behind the lens, the lines 
are bowed inward to give pincushion distortion 
(Fig. 49). To prevent this distortion, manufactur- 
ers usually place the diaphragm between the lens 
combination. If the lens is a single element or sev- 
eral elements cemented together, the diaphragm is 
usually placed at the front because barrel distor- 
tion is preferred to pincushion distortion. 


DIAPHRAGM IN 
FRONT OF LENS 


RESULTING IMAGE 


Fig. 49. Curvilinear Distortion 
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LENS QUALITY 


Assuming that the manufacturing and grinding 
are done in accordance with the standards of the 
design, the quality of a lens is dependent upon two 
things —— the quality of the glass and the design 
of the lens. 

Optical glass is made from materials of high 
purity and by exacting processes. The heating and 
cooling of one batch often requires weeks. In spite 
of rigid controls, the greater part of a finished 
batch is often discarded. More often than not, op- 
tical glass is characterized by numerous small bub- 
bles. Their appearance is first evidenced during 
the heating process where they could be removed 
by further heating, but only at a sacrifice in qual- 
ity. If not too large or too numerous, these bubbles 
— although they neither benefit nor interfere with 
the operation of the lens — are usually an indica- 
tion that the glass is of high-grade optical quality. 

There are two general classifications of optical 
glass — crown and flint. Through different varie- 
ties of each, glass of almost any desired refractive 
and dispersive power can be obtained. The lens de- 
signer, by combining different types of single lenses 
of a variety of crown and flint glass, produces a 
lens of specified focal length and speed with a min- 
imum number of aberrations. The following illus- 
tration shows how different types of lenses are com- 
bined into a single lens. 

One problem, that of flare, is especially preva- 
lent in the design of expensive lenses because the 
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amount of flare is dependent upon internal reflec 
tion caused by the curves of the lens. The interna 
reflection increases with the number of reflectin; 
surfaces. This problem has been practically solve 
by the recent practice of coating lenses. For man: 
years it had been known that old lenses which hac 
become tarnished with a blue color actually trans 
mitted more light than new lenses. In other words 
the tarnish reduced flare. Because of this, attempt 
were made to produce such a tarnish by artificia 
means. These attempts at first proved unsuccessfu 
because the coating used was much too soft anc 
was easily scratched or wiped off. Recently method 
were developed for depositing a crystalline mate 
rial on a lens in such a manner that no specia 
care other than that afforded an ordinary lens wa 
required. Today all lenses of high quality are coat 
ed. The following table is self-evident as to th 
relative value of coating lenses. 
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Fig. 50. Lens Designs 
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Many different names and terms are used to de- 
note the quality of a lens. Three of the more com- 
mon are achromatic, anastigmat, and apochro- 
mat. An achromatic lens is a partially corrected 
lens in which chromatic aberration is minimized by 
bringing two colors to a focus in one plane. This, 
in turn, allows the intermediate colors to fall fairly 
close to that plane. Other aberrations are appre- 
ciably reduced but not eliminated. 


An anastigmat lens is a highly corrected lens giv- 
ing an evenly illuminated, well-defined image over 
the entire plate. It is corrected not only for astig- 
matism but also for all other aberrations. This is 
accomplished by combining a variety of single 
lenses, made from different kinds of optical glass 
into two elements — a front and a rear — with 
the diaphragm between. Often these elements are 
symmetrical and are designed and corrected so that 
they can be used alone. If such is the case, the lens 
is called a convertible lens because it can be con- 
verted to a different focal length by using the ele- 
ments separately. It may be double or triple con- 
vertible. If the combination gives one focal length 
and either element alone gives one additional focal 
length, it is double. If each element gives a differ- 
ent focal length and the combination a third, it is 
triple convertible. Such lenses are very popular be- 
cause of the economy and convenience of having 
two or three lenses in one. Although each element 
in a convertible lens is corrected for use by itself, 
the correction in a single element is not quite as 
high as in the combination. 


The most highly corrected lens is called an 
apochromat or process lens. This type of lens is 
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an anastigmat with a much higher degree of cor- 
rection for color. The focal length is usually fairly 
long and the f/rating is relatively slow. Such lenses 
are used for all types of critical work in commer- 
cial photography. Needless to say, the cost of an 
apochromat is about triple that of an ordinary lens 
of the same focal length and f/rating. 


CARE OF LENSES 


A lens, just as any other expensive, delicate in- 
strument, should be properly handled and cared 
for. Observe the following points in using and car- 
ing for all lenses: 

Protect a lens as much as possible from dust and 
finger marks. When not in use keep it in a carrying 
case or covered with lens caps. 

Clean the lens only when necessary — when it 
shows dust, finger marks, or moisture on its sur- 
faces. To clean it, first brush the surfaces with a 
fine camel hair brush to remove any foreign par- 
ticles, then gently wipe the surfaces with a soft 
cloth or lens tissue moistened with a recommended 
lens cleaner. 

Do not use alcohol, acids, etc., for cleaning a 
lens. Use only recommended lens cleaning fluid. 

Do not permit a lens to fall or be jarred. 

Do not keep a lens in a damp place. 

Do not subject a lens to sudden changes in tem- 
perature or continuous extreme temperatures. 

If the components of a lens become separated 
or dirty, do not tamper with them. Return the lens 
to the manufacturer for cleaning and repair. Never 
try to take a lens apart other than unscrewing the 
elements. 





HISTORY OF SENSITIZED EMULSIONS 


In the eighth century Jabir Ibn Hayyam, an 
Arab, was the first man on record to mention that 
a silver compound (silver nitrate) became notice- 
ably darkened. The reason for this change was not 
definitely known until 1727, when Johann Henrich 
Schultz discovered that this darkening was caused 
by the action of light. Schultz, in his first experi- 
ments, formed stencil images on silver chloride sur- 
faces without the use of a camera. Except for the 
fact that these images were not permanent, Schultz 
might have been credited with the discovery of 
photography. Continuing Schultz’s experiments, 
- Thomas Wedgewood and Humphrey Davy, of Eng- 
land, in 1800 used a camera to form images on 
paper sensitized with silver chloride. These images, 
too were not permanent. 

The first permanent image is credited to Joseph 
Nicephore Niepce, of France, in 1826. The main 
drawback to this process was that it was too slow. 
Jacques Mande Daguerre, who worked with Niepce 
in his later years, started investigations which led 
to the development of the first photographic proc- 
ess with a sufficiently short exposure to be prac- 
tical for portraiture. The shortened exposure was 
due to his discovery of the latent image which 
could be strengthened by a process known as de- 
velopment. In 1839, Fox-Talbot, an Englishman, 
completed Daguerre’s process by making the devel- 
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sensitized 
materials 


oped image permanent. He was also the first to 
record a permanent image on sensitized paper. 
From this time on, rapid progress was made in the 
development of sensitized materials, progress which 
led from the paper negative to glass plates and 
finally to our present-day film. 


PHYSICAL PROPERTIES 
Support or Base 


The material selected as a support for a photo- 
graphic emulsion must possess two important qual- 
ities. First, it must be photographically inert — 
unable to cause any harmful action in the emul- 
sion, either to the latent image or to the silver | 
grains of the developed image. Second, it must re- 
main unaffected by the solutions used in the proc- 
essing. There are many materials which meet these 
qualifications; the most common are cellulose de- 
rivatives, glass, and paper. 

CELLULOSE DERIVATIVES. Cellulose acetate and 
cellulose nitrate are the most commonly used sup- 
ports for negative emulsions because they are trans- 
parent, strong, lightweight, and flexible. A ‘film 
base of cellulose acetate is preferred because it is 
much less inflammable. The thickness of the film 
base varies according to the type of film and the 
manner in which it is used. For example, roll film 
must be more flexible than sheet film and therefore 
has a thinner base. 
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Grass. The introduction of a cellulose base has 
largely replaced glass. However, glass is still used 
for special purposes when rigidity and freedom 
from expansion and contraction are important. Its 
main disadvantages are weight, bulk, fragility, and 
inflexibility. 

Paper. Because paper reflects light and 1s flex- 
ible, economical, and durable, it is an ideal support 
for print emulsions. To meet specific requirements, 
photographic papers are manufactured in different 
thicknesses and surface textures. 


Emulsion 


The emulsion is a thin layer of gelatin contain- 
ing many small crystals of light-sensitive silver ha- 
lides. Gelatin is considered the best support for 
the silver halide grains because it swells when wet, 
allowing penetration of the processing solutions, 
and contracts when dry, thus keeping the silver 
grains in their same position. Gelatin may be han- 
dled safely in solutions at temperatures up to 85° 
F. This is about 20° F below its melting point. 
When desired, it can be hardened to varying de- 
grees to permit use at much higher temperatures. 


Protective Coating 


In order to prevent scratches and abrasions, cer- 
tain emulsions are given an overcoating of clear, 
hardened gelatin. 


Noncurl Backing 


A film emulsion will swell when wet and shrink 
when dry, producing a strain which causes the film 
to curl. To counteract this curling a similar layer 
of clear gelatin (noncurl backing) is often coated 
on the back of the base. 


Antihalation Backing 


Light passing through an emulsion is sometimes 
reflected from the back of the film base. As the 
light re-enters the emulsion, it produces a halo of 
light around the image. This is called halation. 
This effect is minimized by incorporating a light- 
absorbing dye into the base or noncurl backing. 
The dye used for this purpose is usually a neutral 
gray or the color to which the emulsion is least 
sensitive. 


PHOTOGRAPHIC CHARACTERISTICS 


The photographic properties of an emulsion in- 
clude color sensitivity, speed, contrast, latitude, 
grain, and resolving power. 
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Color Sensitivity 


Due to the fact that silver halides are sensitive 
to blue, violet, and ultra-violet light, all photo- 
graphic emulsions are inherently sensitive to these 
colors. Sensitivity to other colors is obtained by 
the addition of various sensitizing dves to the 
emulsion during manufacture. Progressive discov- 
eries of new dyes have increased the sensitivity 
range of emulsions to cover the complete visible 
spectrum and also the infrared rays. Through the 
addition of the proper sensitizing dyes, emulsions 
are made sensitive to any particular region of the 
spectrum, depending upon the purpose for which 
the emulsion is to be used. 

BLUE SENSITIVE (ORTHONON) FILM. This is a 
non-color sensitized or ordinary film, possessing 
only the ultra-violet, blue, and violet sensitivity 
inherent in any silver halide emulsion. For this 
reason its present use is very limited. 

ORTHOCHROMATIC FILM. Because the first emul- 
sion manufactured with the addition of a dye was 
believed at that time to produce maximum in color 
sensitivity, it was named orthochromatic, which 
means true color rendition in shades of gray. This 
dve, however, increased the sensitivity to green but 
not to red; therefore, the use of the word ortho- 
chromatic is a misnomer. Because this film is not 
sensitive to red, it reproduces red as dark in the 
print. 

PANCHROMATIC FILM. Recent developments in 
film manufacture have resulted in the addition of 
a dye which makes emulsions sensitive to all colors 
of the spectrum. This film is named panchromatic, 
meaning all colors. Panchromatic emulsions are 
subdivided into classifications, depending upon col- 
or sensitivity. Films having a fairly even balance of 
color sensitivity to red, green, and blue are known 
as Type B panchromatic. Those that have higher 
red sensitivity are known as Type C. Because 
panchromatic film is capable of the most natural 
rendition of colors in shades of gray, it is the film 
most generally used. 


Speed 


Speed is a term used to express the sensitivity 
of an emulsion to light. Although most fast films 
are panchromatic, color sensitivity is not a definite 
indication of the emulsion speed. Some emulsions 
are rated as “slow” because they require a great 
amount of light to produce a satisfactory image, 
while other emulsions are rated as “fast” because 
of the relatively small amount of light necessary to 


produce a satisfactory image. Most manufacturers 
use a numerical rating to indicate the speed of an 
emulsion. A manufacturer’s data sheet, which in- 
cludes the numerical speed rating, referred to as 
the A.S.A. exposure index, is contained in the film 
package. 


Contrast 


In Chapter 1, density was referred to as the 
amount of metallic silver in any area of the emul- 
sion. The difference in the high and low densities 
of the various areas of the emulsion is called con- 
trast. A bright area of the subject reflects a great 
amount of light, causing a corresponding heavy 
density in the negative, called a highlight. A dark 
area reflects little light, resulting in a correspond- 
ing thin density in the negative, called a shadow. 
The subject brightnesses between these light and 
dark areas also register in the negative as corre- 
sponding densities, called halftones. ‘Fhe difference 
in brightness, then, from highlights to shadows, is 
called contrast. Normal contrast is represented by 
a full range of densities, including highlights, 
halftones, and shadows. High contrast does not 
have a full range of densities and consists only of 
highlights and shadows, with little or no inter- 
mediate gradation. Low contrast has very little dif- 
ference in densities. Emulsions are manufactured 
with varying degrees of inherent contrast. High con- 
trast (process) film is used to record a short range 
of tones such as black and white, as when copying 
line drawings. Medium and low contrast films are 
used to record a longer range of tones such as might 
be found in a portrait or landscape. Therefore, the 
selection of the film should be governed by the 
contrast of the subject and the rendition desired. 


Latitude 


The ability of an emulsion to record a range of 
brightness values is called latitude. An emulsion 
capable of producing a long range of brightness 
values has a wide latitude and, conversely, an emul- 
sion capable of producing only a short range of 
brightness values has but little latitude. The lati- 
tude of an average panchromatic film of normal 
contrast is about 1 to 130. This means that a high- 
light can be 130 times as bright as a shadow and 
the film will still be capable of recording all grada- 
tions of the tonal range. The brightness range of 
an average scene, however, is about 1 to 32. Con- 
sequently, variations of exposure above and _ be- 
low normal will still produce a normal negative. 
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The extent that the exposure can deviate from nor- 
mal and still result in an acceptable image is known 
as exposure latitude. 


Grain 

A photographic emulsion contains microscopic 
particles or grains of silver halide. Due to certain 
processes in manufacture, these grains tend to 
clump together. This clumping characteristic, more 
prevalent in high speed emulsions than in the slow- 
er emulsions, determines the inherent size of the 
grain in any film. Although inherent grain size in- 
fluences the graininess of the image, processing also 
has a great effect in the control of graininess. By 
special processing techniques, it is possible to pre- 
vent the silver grains from excessive clumping dur- 
ing processing. When the grain becomes appar- 
ent in the image, it is objectionable and the nega- 
tive or print is said to be grainv. 


Resolving Power 


The resolving power of an emulsion is a measure 
of its ability to reproduce fine detail. ‘This measure- 
ment is stated in the number of lines per millime- 
ter which the film is capable of recording clearly 
and distinctly. The resolving power of an emulsion 
is greatly affected by its grain size. 

Although the photographic characteristics of 
emulsions have been discussed separately, it should 
be understood that they are closely related to each 
other. The following chart may be used as a guide 
in selecting film. 


Speed Contrast Grain Res. Power Latitude 
High Low Large Low Wide 
Medium Medium Medium Medium Medium 
Low High Small High Short 
NEGATIVE MATERIALS 
Types 


The different types of negative materials are roll 
film, cut film, film packs, and plates. 

Roll film is of many different kinds, sizes, and 
color sensitivities. Ordinary roll film is made for 
small cameras and consists of a strip of film at- 
tached to an opaque paper backing and wound on 
a suitable spool. The film base is relatively thin for 
flexibility. Aerial film is a special type of roll film 
supplied in greater widths and lengths. To mini- 
mize bulk, there is no paper backing on aerial roll 
film. The base is often specially prepared to have 
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very low shrinkage and is thicker than ordinary 
roll film because of the large negative size. To fa- 
cilitate drying in machine-type dryers, aerial roll 
film has no anticurl backing. An opaque leader and 
trailer are usually attached to opposite ends of the 
roll to protect it from light. 

Motion picture film is supplied to the Air Force 
in 16mm and 35mm rolls with perforations on the 
sides to fit the camera sprockets. 


Cut or sheet film, most widely used in commer- 
cial photography, is available in a variety of sizes 
for use with standard Air Force cameras. An ad- 
vantage of sheet film is that individual sheets can 
be processed separately. 

Glass plates are used for special purposes only 
— for making lantern slides and in cases in which 
extreme accuracy of image scale is required. 

Film packs are flat metal containers with 12 


ASA RATING 


NOTCHING CODE 


TRADE NAME 


Daylight 


Tungsten 





COLOR FILM 
ES (gj Ua Anscochrome Daylight 32 _— 
LSLAAA___ Anscochrome Tungsten — 25 
LNAAA_____. Ektachrome, Daylight Type 8 —_— 
LSIVSAA Ektachrome Type B 10 6 
LNA Ektacolor Type L —_ 10 
eI LNA Anseo 
LNT, Process — 8 
Lr Commercial 25 = 
LILA Commercial Ortho 25 12 
LIVIA Supersensitive Plenachrome 50 25 
LINAS SSS Ortho 125 64 
LmmM Superpan Portrait 50 32 
LMA_AS/ lsopan 50 32 
may, SSS Pan 200 160 
Superpan Press 125 80 
DEFENDER 
BE 0 EB 4, 4 eres 
Lr Commercial 16 3 
LAN XF Ortho 64 20 
LILA Ortho-7 125 64 
LAALR Process Pan 16 10 
Ln Fine Grain Pan 32 20 
LAAN XF Pan 64 40 
LAS Arrow Pan 125 80 
LAD type 428 Hi Speed Pan 160 125 
Superior Press 200 160 
EASTMAN 
ES ES a eens 
trun Kodak Commercial 25 6 
Lunn Kodak Commercial Matte 25 6 
in Kodak Commercial Ortho 32 10 
LS A A Kodak Ortho X 125 64 
LS, Kodak Super Ortho-Press 100 52) 
LAAS Kodak Superspeed Ortho Portrait 50 25 
ve Kodak Contrast Process Ortho —_ 12 
IAN Kodak Super XX Panchromatic 100 30 
Kodak Panatomic X . 32 25 
Kodak Portrait Panchromatic 64 40 
DAAAA____ Kodak Contrast Process Panchromatic — 16 
i a a eee Kodak Trix Panchromatic 200 160 
0 Vn a Kodak Super Panchro-Press Type B 125 100 
LASFLIAA_____ Kodak Super Panchro-Press Sports type 250 200 
LA ASA Kodak Infrared (Used with Kodak Wratterfilter A-25) _ 20 


Fig. 51. Representatwe Notching Codes 
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Sheets of film. Attached to each sheet of film is 
a paper tab. These tabs are numbered from | 
through 12. In front of the film is a black paper 
cover with a tab numbered 0. This cover keeps 
light from entering the container. When the cover 
tab is pulled, the first sheet of film is ready for ex- 
posure. As the following tabs are pulled, the ex- 
posed film is moved to the rear of the pack, leav- 
ing the next consecutively numbered sheet in posi- 
tion for exposure. After the last tab is pulled, a 
safety cover is left in place. The advantages of a 
film pack are its large quantity of film with a small 
bulk and light weight. 





Fig. 52. Reference Notches 


Notching Code 


Cut film of most types has reference notches in 
one corner to identify the emulsion side and the 
type of film. The emulsion side of cut film is toward 
you when the notches are along the top edge in 
the upper right hand corner of the film. Thus, in 
total darkness you can identify film as to the type 
of emulsion and the emulsion surface. Notches are 
on the top edge in the right corner when the emul- 
sion faces you (Fig. 52). The type of film is indi- 
cated by the number and shape of the notches, 
with each film manufacturer using a particular 
notching code (Fig. 51). 


POSITIVE MATERIAL 


There are several kinds of positive emulsions. 
These emulsions are usually much thinner, have 
finer inherent grain, and slower speed than nega- 
tive emulsions. Positive emulsions are of two gen- 
eral types — those viewed by transmitted light and 
those viewed by reflected light. The emulsions 
viewed by transmitted light are on either transpar- 
ent or translucent bases and those viewed by re- 
flected light are usually on paper bases. 


Paper Positives (Prints) 


The emulsions of printing papers are especially 
thin for the purpose of increasing the reflective 
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ability of the finished print and to aid flexibility. 
Paper emulsions are of three types — bromide, 
chloride and chlorobromide. The main differences 
in these types are speed and, to some extent, lati- 
tude. Chloride emulsions are usually of slow speed 
and are used for contact printing. Bromide emul- 
sions are much faster than chloride, and are used 
for projection printing. The characteristics of bro- 
mide and chloride paper are combined in chloro- 
bromide paper. It is used for either projection or 
contact printing. Printing papers are usually made 
in different contrasts, ranging from soft (low con- 
trast) to hard (high contrast) to suit the contrast 
of the negative. An exception is Varigam which is 
a single grade paper ranging from low to high con- 
trast, and is used with special! type filters. 


Transparencies 


The principal positive materials viewed by trans- 
mitted light are motion picture positives and lan- 
tern slide plates or films. Motion picture film has 
a bromide emulsion. Lantern slides are usually 
bromide, but sometimes they are chlorobromide 
emulsions coated on glass plates. They are avail- 
able in different contrasts. 


SPECIAL EMULSIONS 


Reversal 


These emulsions are for the purpose of produc- 
ing a positive image without an intermediate nega- 
tive, or making a negative from a negative without 
an intermediate positive. 


Infrared 


In addition to normal ultra-violet, violet, and 
blue sensitivity, infrared emulsions are sensitive to 
infrared and red radiations. A filter is used with 
such emulsions to allow only the infrared and red 
radiations to expose the film. 


X-Ray 


Because X-rays only slightly affect silver halides, 
this emulsion is either coated on both sides of the 
film base or is very thick. Developing and fixing 
difficulties of a thick emulsion make the double 
coating more desirable. An X-ray emulsion is usual- 
ly placed behind an intensifying screen which fluor- 
esces under the action of X-rays. Thus a consider- 
able part of the exposure is due to the visible fluor- 
escent light from the intensifying screen. 
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HISTORY OF PHOTOGRAPHIC | 
CHEMISTRY 


Daguerre, with his discovery in 1839 of the la- 
tent image which could be developed, became the 
father of photographic chemistry. Fox-Talbot is 
credited with the first fixing process. He used so- 
dium chloride (salt) as the fixing agent. Upon the 
suggestion of Sir John Herschell, the change was 
made from salt to sodium thiosulphate (hypo). 
This is our present-day fixing agent. Owing to the 
great number of advancements made in the field 
of photographic chemistry, it is not practical to de- 
scribe them fully. Because the greater portion of 
the photographer’s work consists of processing 
sensitized emulsions, however, it is advisable that 
he understand the basic principles of photographic 
chemistry. 


CHEMISTRY OF DEVELOPMENT 


When a photographic emulsion is exposed to 
light by proper means, an invisible (latent) image 
is formed by the silver halides in the emulsion. 
There are many theories as to the exact nature of 
the change which takes place in this reaction. It is 
sufficient to know that light weakens the structure 
of the affected halides in such a manner as to per- 
mit their reduction to metallic silver. This forms 
the visible image. This reduction is accomplished 
with a chemical known as a reducing agent, which 
combines with oxygen. This enables the agent to 
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photographic 
chemistry 


react with the exposed silver halides and separate 
or reduce the silver. 

Although the reducing agent is the most impor- 
tant chemical in a developing solution, other ingre- 
dients are necessary to make the solution function 
properly. If used alone, most reducing agents have 
very little or no effect upon the silver halides be- 
cause of their low rate of reduction. To increase 
the oxidation of the reducing agent, an alkali or 
accelerator is generally added. This accelerator, be- 
sides energizing the reducer, also softens the gela- 
tin of the emulsion and allows faster penetration 
of the solution. A reducer and accelerator in solu- 
tion oxidize, causing too rapid action. This reduces 
not only the exposed, but also the unexposed sil- 
ver halides, leaving a veil of silver deposited 
throughout the entire emulsion. This veil is called 
chemical fog. Excessive oxidation also causes stains 
in the emulsion and rapid deterioration of the solu- 
tion. In order to prevent the reduction of unex- 
posed silver halides, a restrainer is added, thus 
making the solution selective. The addition of a 
preservative, which has an affinity for oxygen, min- 
imizes the formation of stains and increases the life 
of the developing solution by preventing excessive 
oxidation. 


Reducing Agents 


Although many chemicals are capable of reduc- 
ing silver halides to metallic silver, relatively few of 
them can be used. Many tend to reduce the un- 
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exposed as well as the exposed silver halides — 
are not selective in their action. The few used vary 
greatly in their properties. 

One of the properties of a reducing agent is its 
reducing potential. This refers to its relative abil- 
ity to develop or reduce the silver halides. A re- 
ducing agent of high potential attacks silver ha- 
lides vigorously, whereas one of low potential is 
slower in its action. The characteristic activity of 
a reducing agent is another factor to consider. 
Some agents are more active in the highlight areas, 
some in the shadow areas, and still others have 
over-all activity. The temperature of the solution 
affects the activity of some agents much more than 
others. The tone of the developed image is greatly 
affected by the type of reducing agent. Some agents 
produce blue-black (cold) tones, while others yield 
brownish (warm) tones. Metol hydroquinone, 
amidol, glycin, paraphenylene diamine, and pyro 
are some of the more widely known developing 
agents. 

Hydroquinone is a developing agent of low po- 
tential. It requires little or no restrainer at normal 
temperature. Its activity is greatly reduced by low 
temperature because it becomes inert (inactive) at 
about 50° F in normal solutions. At temperatures 
above 80° F it has a tendency to produce fog. 
Hydroquinone is capable of producing highlights 
of great density in a negative while retaining 
transparency in unexposed areas. This makes it 
an ideal developing agent for subjects requiring 
extreme contrast — copies of black and white line 
drawings. For subjects that require the correct ren- 
dering of halftones and shadows, it is combined 
with another reducing agent such as metol. It de- 
teriorates slowly in air, has good keeping qualities 
in solution, and does not stain the gelatin. 

Metol (elon, pictol, rhodol, etc.) is a trade name 
for monomethyl paraminophenol sulfate. Metol 
alone, or in combination with hydroquinone, has 
been one of the most popular of all developers 
since its introduction in 1891. It builds image de- 
tail rapidly and is a soft-working, high-potential 
developing agent, affected comparatively little by 
changes in temperature or by the presence of large 
amounts of restrainer. Although metol will reduce 
silver halides without an accelerator, it is generally 
used with carbonate. Sometimes borax and other 
alkalis are employed for special purposes. At times 
it is difficult to secure sufficient contrast with me- 
tol alone; hence, it is usually combined with hy- 
droquinone. Other combinations are metol glycin 
and metol pyro. Metol is used in fine-grain nega- 
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tive developers, in general purpose developers 
(with hydroquinone) for prints and negatives, 
and in pyro developers for negatives. Metol solu- 
tions have good keeping qualities. 

Metol hydroquinone, abbreviated to M-Q, is the 
most versatile and popular of all developers. The 
soft-working, detail-producing metol and the high- 
contrast hydroquinone make a combination supe- 
rior in many ways to either agent when used alone. 
M-Q developer keeps well in solution, does not 
stain, and is faster working than either metol or 
hydroquinone used separately. 

Amidol (diaminophenol) has the highest devel- 
oping potential. It is one of the very few reducing 
agents which can be used without an accelerator 
or restrainer. A solution of amidol and a preserva- 
tive gives satisfactory results. Its main disadvan- 
tage is that it oxidizes and deteriorates very 
rapidly. 

Glycin 1s a _ low-potential developing agent 
which works satisfactorily on the lesser exposed, 
as well as the more exposed areas. It is non-stain- 
ing, produces fine grain, and does not readily oxi- 
dize in either air or alkali solutions, even when 
greatly diluted. This makes it very useful for ma- 
chine development of motion picture film. It is 
often used in combination with other developers. 

Pyro (pyrogallol) has been in use longer than 
any other organic developing agent; however, it 
has some disadvantages which limit its use. It de- 
teriorates rapidly when in a working solution and 
is highly staining, making it suitable only for neg- 
ative materials. However, the stain produces an- 
other image, in addition to the regular silver im- 
age, which adds to the printing quality of a thin 
negative. 

Diamine (paraphenylene diamine) has a low 
reduction potential. It produces negatives of good 
tonal range, fine grain, and warm tones. Shght 
increases in temperature have little effect on its 
activity. It is somewhat toxic and, like metol, may 
cause skin irritations. 


Accelerators 


All developing agents are either neutral or 
slightly acid and, as such, usually have little re- 
ducing ability. In order to utilize the reducing cap- 
abilities of these agents, it is necessary that they 
be in an alkaline state. To make the developing 
solution alkaline, an accelerator is added. The ac- 
celerator energizes the reducing agent and softens 
the emulsion, permitting more rapid penetration 
of the developing solution. A deficiency of alkali 


retards development; an excess results in an in- 
crease in activity and contrast, eventual chemical 
fog, and an overswelling of the gelatin which may 
cause frilling and blisters. 

Accelerators are divided into three general 
types: mild, moderate, and strong. Borax, a mild 
alkali, is used with low-contrast developers for fine 
grain. It is sometimes called a “buffer” alkali be- 
cause, in solution, it slowly and constantly forms 
or releases its alkali, keeping the alkalinity of the 
solution constant. Borax is the mildest alkali in 
common use for the development of negatives on- 
ly. Sodium metaborate, although slightly stronger, 
is similar in its action to borax. 

Sodium carbonate (Naz COs), a moderate al- 
kali, is the accelerator most commonly used in de- 
veloping solutions. It is used in many metol-hydro- 
quinone and pyro solutions. Potassium carbonate 
(K2 COs) can be substituted in formulas calling 
for sodium carbonate. It is more soluble in water 
but more expensive and less stable than sodium 
carbonate. 

Sodium hydroxide (Na OH) and potassium hy- 
droxide (K OH) are caustic alkalis used with cer- 
tain developers to produce high contrast. Caustic 
alkalis are avoided for fine grain developers be- 
cause they soften and swell the gelatin excessively, 
permitting the silver grains to clump together. 

Other alkalis that are in more or less common 
use are ammonium carbonate, ammonia, acetone, 
sodium metaborate, and paraformaldehyde. A 
strong alkali does not give the same results as a 
weak one even though allowance is made for the 
difference in strength; therefore, substitution 
should not be attempted. 

Because the accelerator is a determining factor 
in the activity of a developing solution, it has a 
marked influence upon the degree of graininess 
produced in the negative. This graininess is de- 
pendent upon the clumping action of the silver 
grains during the development process. The more 
active the developer, the greater the clumping ac- 
tion; therefore, the milder or less alkaline develop- 
ing solutions yield finer grain. 


Preservatives 


All organic developing agents in an alkaline 
state have a strong affinity for oxygen. It is neces- 
sary, therefore, to add a preservative to develop- 
ing solutions to prevent excessive oxidation. The 
preservative prolongs the usefulness of the develop- 
ing solution and prevents the formation of col- 
ored oxidation products, which cause stains. So- 
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dium sulfite (Naz SOs) is the preservative most 
commonly used. Sodium sulfite dissolves silver 
bromide to some extent and therefore is useful in 
fine grain developers in reducing grain size. So- 
dium bisulphite (Naz HSQOs) is also used. This 
is an acidified sulfite which, in an alkaline devel- 
oper, is converted to sodium sulfite and sodium bi- 
carbonate. Developers containing sodium bisulfite 
give slightly less base fog than those containing 
sodium sulfite. The quantity of preservative used 
varies greatly. The following factors determine the 
amount required: 


The tendency of the developing agent or agents 
to oxidize. 


The concentration of the developer. A dilute 
developer requires more preservative than a more 
concentrated solution. 


The temperature at which the developer is kept 
or used. The rate of oxidation increases as the tem- 
perature increases. 


The keeping properties required and the way in 
which the solution is used. A solution that 1s to 
be used once and then discarded requires only a 
small amount of preservative. The amount of oxi- 
dation is greater when a developing solution is 
used in a tray than when it is used in a tank. 


The alkalinity of the solution. The more strong- 
ly alkaline the developer, the more rapid is the 
rate of oxidation. 


Restrainers 


Without a restrainer most developers act too 
rapidly and reduce unexposed halides near the sur- 
face of the emulsion, causing chemical fog, de- 
veloping streaks, and an image lacking in con- 
trast. When a restrainer is added, development 
time is prolonged and fog is minimized. Excessive 
amounts of restrainer cause greatly retarded de- 
velopment and, under some conditions, greenish 
tones in prints. Potassium bromide (K Br) is the 
chemical most commonly used as a restrainer. All 
negative and some paper emulsions are basically 
composed of silver bromide. In development the 
bromide is released from the silver. Although this 
bromide acts as a restrainer, it is usually insufficient 
to prevent fog. Sodium bromide or sodium chlor- 
ide are sometimes substituted for potassium bro- 
mide. Another chemical, potassium iodide, is some- 
times used. It gives more restraining action and 
tends to produce blue-black tone but the fact that 
the resulting action requires longer fixation limits 
its use. 
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Many factors affect the processing of an emul- 
sion — the type of developing solution, time, tem- 
perature, amount of dilution, the kind and rate 
of agitation during processing, the type of emul- 
sion, and the exposure. Other factors remaining 
constant, an increase in temperature increases the 
rate of development. This, in turn, increases con- 
trast, fogging tendencies, and graininess. Diluting 
the developing solution decreases the rate of de- 
velopment and the contrast and fogging tendency, 
but it usually requires an increase in the time of 
development. Agitation also greatly influences the 
rate of development. 

All these factors must be properly balanced to 
obtain satisfactory results. Included in every film 
container is a data sheet with information con- 
cerning exposure and processing. This data sheet 
gives the recommended developer, dilution, time 
and temperature, and method of agitation. The 
recommended temperature is 68° F. This tem- 
perature should be maintained during the entire 
developing period. If room temperature cannot be 
controlled, constant temperature of the solution 
can usually be maintained by using a relatively 
large volume of solution or by the use of a water 
jacket. 

Agitation can be one of three types: 

Constant — which means the film is constantly 
being moved, as in tray development or mechani- 
cal tank agitation. 

Intermittent — meaning that the film is agitat- 
ed several times a minute, as in the usual tank 
development. 

Stagnant — no agitation, usually not recom- 
mended except in special cases. 

A different development time is listed for each 
type of agitation. 


CHEMISTRY OF FIXATION 

Rinsing 

When a negative or print is removed from thc 
developing solution, the emulsion is soft and swol- 
len; and there remains, both in the emulsion and 
on its surface, a small amount of developer which, 
if not removed, will continue its reaction and 
cause staining. To remove surplus developer, the 
negative or print is placed in a rinse bath. Rinse 
baths are of three general types: water, acid, and 
hardening. Each has its specific purpose and should 
be used accordingly. | 

Water, as a rinse, helps to retard development 
and removes excess developer from the emulsion, 
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preventing contamination of the fixing bath. It is 
suitable for both negatives and prints and some- 
times precedes the acid rinse in print processing. 

An acid rinse bath stops all development by 
neutralizing the action of the developer. This pro- 
longs the life of the fixing bath. The rinse bath 
recommended is usually a weak solution of acetic 
acid. If an acid bath is not available, emulsions 
should be rinsed thoroughly in water. 


A hardening rinse bath (chrome alum) is used 
to harden the emulsion in high temperature and 
tropical processing. In ordinary processing the 
hardening agent in the fixing bath is sufficient, 
thus permitting the use of water or acid for a 
rinse. 

Fixing 

When a negative is removed from the rinse bath, 
there remains in the emulsion a_ considerable 
amount of silver halides which have not been af- 
fected by the developing solution. These unde- 
veloped silver halides are sensitive to light and, 
if allowed to remain in the emulsion, eventually 
darken, making the negative unusable. The remov- 
al of these halides is accomplished by changing 
them to a soluble state by treatment in a solution 
called a fixing bath. This bath usually contains 


more than one chemical agent. The chemical 
agents most commonly used are as follows: 


SILVER HALIDE SOLVENT. All fixing baths must 
contain a chemical that is a silver halide solvent. 
This solvent is also known as a fixer or fixing 
agent. The chemical most commonly used for this 
purpose is sodium thiosulfate, known as hypo. The 
sodium thiosulfate changes the silver halides to a 
compound which is soluble in water. Another 
chemical sometimes used as a fixing agent is am- 
monium chloride. To remove the unused silver ha- 
lides, a fixing bath composed of sodium thiosulfate 
and water may be used. However, there are other 
factors to be taken into consideration which re- 
quire the addition of other agents. 


ACID OR NEUTRALIZER. After development the 
pores of the thickened emulsion retain a consider- 
able amount of the developer. If allowed to re- 
main, it will continue its developing activity. Even 
though an emulsion is thoroughly rinsed in a non- 
acid rinse before it is placed in the fixing bath, 
a sufficient amount of the developer remains in 
the emulsion to continue this activity, causing the 
emulsion to become stained and unfit for use. To 
stop development and prevent staining, acetic acid 
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Amidol Tropical. Used with 
Diamino- chrome alum. 
phenol 







Requires weak alkali. | Negatives and for blue- 
Density builds up slowly, | black tones on paper 
though image appears | emulsions. 
quickly. 





































Metol 
Elon 

Rhodol 
Pictol 





Builds image detail rap- 
idly. Non-staining. Low 
fogging tendency. 


Used in fine grain 
developers. Gives low 
contrast. 


Negatives for fine grain. 
With hydroquinone for 


paper. 


















Full tonal range. Rapid | Negatives only. 


oxidation without fog. 


Produces two images, 
silver & pyro stain. 
Valuable in certain 
types printing. 


Pyrogallol 
Pyro (incorrect- 
ly called pyro- 
gallic acid) 


Diamine 
Paraphenylene- 
diamine 





















Negatives for underexpo- 
sure. For paper also. 


Slow-working, long tonal 
range. Low fogging tend- 
ency. 


Non-stain, fine grain. 
Powerful reducing 
agent. 




















With other agents for film 
and paper. Contrast de- 
veloping. 


Dense highlights and 
clear shadows. Inactive 
at low temperatures. 


High contrast. Used 
in combination with 
metol. 













Active in very mild alkali | Negatives for fine grain. 
solution, but of low 


energy. 


Fine grain toxic. 


is added to the fixing bath. This neutralizes the swells. If processing is continued without harden- 
alkalinity of the developer. ing the emulsion, frilling, scratching or other un- 

PRESERVATIVE. When a sufficient quantity of acid desirable effects may result. In the discussion on 
is added to the fixing bath to neutralize the alka- rinse baths, it was pointed out that the softened 
linity of any remaining developer, the sodium thio- gelatin of the emulsion is sometimes hardened 
sulphate is decomposed into free sulphur and sul- by treating it in a hardening solution before fixa- 


phurous acid, making the bath unusable. To pre- 
vent the decomposition of the fixing bath, a pre- 
servative, sodium sulfite, is added. This acts as a 
preservative by combining with the sulphur and 
forming new sodium thiosulphate. Sodium sulfite 
not only prevents the acid from decomposing the 
sodium thiosulphate, but it also prevents discolor- 
ation of the solution and aids in eliminating of 


tion. However, the most common practice is to in- 
clude the hardening agent in the fixing bath. This 
allows the emulsion to be fixed and hardened at 
the same time. The most common hardening agent 
used in a fixing bath is potassium alum. 


Types of Fixing Baths 


stains. PLAIN FIXING BATH. The standard plain fixing 
HARDENER. It was previously stated that, during bath is a 25% solution of hypo. It can be mixed 
development, the gelatin becomes softened and by using two pounds of hypo to each gallon of 
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water. Plain fixing baths are seldom used for fix- 
ing solutions except for special purposes. 

ACID FIXING BATH. A satisfactory fixing bath may 
be made by adding sodium bisulfite (acidified so- 
dium sulfite) to a hypo solution. The acid of the 
bisulfite stops development and the sulfite preserves 
and prevents discoloration of the solution. Hypo 
combined with the proper proportions of acetic 
acid and sodium sulfite also makes a suitable acid 
fixing bath. This type of bath is unsatisfactory for 
negatives because it has no hardening qualities. It 
is primarily intended for fixing prints. 

ACID HARDENING FIXING BATH. An acid hard- 
ening fixing bath contains a hardening agent, us- 
ually potassium alum, in addition to a silver halide 
solvent, a neutralizing agent, and a preservative. 

Boric ACID HARDENING FIXING BATH. The hard- 
ening agent in an acid hardening fixing bath caus- 
es the precipitation of aluminum sulfite when the 
acid becomes neutralized. Because of their much 
lower sludging tendencies and excellent hardening 
characteristics, fixing baths containing boric acid 
are recommended for films. 

CHROME ALUM FIXING BATH. This bath is espe- 
cially suitable for hot weather fixing because the 
chrome alum has a greater hardening action on 
gelatin than potassium alum. It has one important 
disadvantage — the hardening properties rapidly 
deteriorate, making it necessary to replace the bath 
frequently. It is recommended that the chrome 
alum be used in a separate rinse bath, followed by 
a regular fixing bath. This results in a saving in 
chemicals. 

DouBLE FIXING BATH. The use of two fixing 
baths is recommended, especially for mass produc- 
tion of negatives or prints. Such a procedure re- 
sults in a more uniform and thorough fixation, 
conserves chemicals, and speeds the production of 
a great number of prints. The method usually prac- 
ticed for double fixing baths is to have two trays 
of equal amounts of the solution. The prints or 
negatives are fixed for half the time in the first 
tray, then moved to the second tray. Since the 
products of development are usually eliminated in 
the first bath, this bath deteriorates more rapidly 
than the second. When the first fixing bath shows 
signs of exhaustion, the second bath is moved into 
its place and a fresh bath is placed in the second 
position. | 

EXHAUSTED FIXING BATH. Some of the character- 
istics that determine exhaustion of the fixing bath 
are milky appearance, sulphurous odor, slippery 
feel, and bubbles which do not disappear. 
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A fresh fixing bath will have the distinct pun- 
gent odor of acetic acid and will have a grippy 
feeling to the fingers. The large hubbles that form 
in an exhausted fixing bath during agitation do 
not disappear readily; those in a fresh bath do. 
The temperature and dilution of the fixing bath 
and the amount of agitation the print or negative 
receives during this process have a considerable ef- 
fect on the rate of fixation and quality of the re- 
sults obtained. All solutions in photographic proc- 
essing should be maintained at approximately the 
correct working temperatures. 


THE CHEMISTRY OF WASHING 


The purpose of washing negatives and prints 
is to remove the chemical by-products of the fixing 
bath. If these by-products remain in the emulsion 
because of insufficient washing, they will in time 
cause it to change color, stain, or fade. The rate 
of washing depends largely upon the diffusion of 
the hypo from the sensitized material. The rate of 
diffusion is dependent upon the amount of fresh 
water coming into contact with the emulsion. The 
temperature of the water has little effect on the 
rate of washing as long as it is within a range of 
50° to 75° F. It is true that most salts diffuse more 
rapidly in warm water than in cold; however, 
when washing photographic material, the warmer 
the water the more the gelatin swells. This re- 
tards the diffusion of the chemicals from the emul- 
sion in about the same proportion as the rise in 
temperature accelerates it. Hardening of the gela- 
tin in the fixing bath does not influence the rate 
of washing unless the emulsion has been dried aft- 
er fixing. If the emulsion has not been dried first, 
its shrinkage or contraction is negligible and has 
little or no effect upon the rate of washing. If the 
gelatin has been dried, however, it will not swell 
as much when it is soaked again and, consequent- 
ly, the chemicals deeper in the emulsion will not 
be washed out as quickly. An idea of the actual 
rate of washing may be obtained if you realize 
that the hypo remaining in the sensitized material 
is continually halved in equal periods of time as 
the washing proceeds. An average negative, for in- 
stance, will give up approximately half of its hypo 
in 15 seconds of direct contact with running wa- 
ter. After 30 seconds, one-fourth of the hypo re- 
mains, and so on, until eventually the amount of 
hypo remaining becomes negligible. The rate of 
washing then, depends upon the degree of agita- 
tion and the amount of fresh water with which 
the emulsion is brought into contact. 


Washing in Trays 

There are three methods of washing negatives 
and prints in trays. The simplest method is ac- 
complished by placing the negatives or prints in 
a tray full of water and then changing the water 
frequently. The second method is by having a con- 
tinuous stream of water running into the tray for 
a minimum of twenty minutes. An efficient meth- 
od of tray washing utilizes a device attached to 
the edge of the tray, which siphons the water from 
the bottom of the tray while fresh water is being 
run in at the top. In any method, care should be 
taken to separate the prints or negatives to insure 
that sufficient fresh water reaches all areas. 


Washing in Tanks 


A very satisfactory method of processing nega- 
tives is the tank method. Metal or plastic frames 
hold the negatives and suspend them in the tank. 
The washing of negatives developed in such a 
manner is done in the same or a similar tank with 
fresh water flowing into it. | 


Mechanical Washers 


A convenient method of washing large numbers 
of small and medium sized prints is by mechanical 
washers. These washers spray fresh water onto the 
prints and at the same time siphon off the con- 
taminated water from the bottom. This type of 
washer sometimes contains a large tray which is 
revolved either by the force of the water spray or 
by motor power. The rotation, together with the 
spray of water, gives constant agitation to the 
prints. In such washers, the water is completely 
changed every few minutes. 


_ Testing Solutions 


It is possible to determine accurately whether 
prints and negatives have been sufficiently washed 
by using chemical tests. One method of testing is 
to remove several prints or negatives from the 
wash water and allow them to drain into a violet- 
colored, permanganate test solution. If the test 
solution becomes colorless, a large concentration of 
hypo is present; if it changes to an orange tone in 
about 30 seconds, only a slight amount of hypo is 
indicated. In either case the prints should be re- 
turned to the wash water until further tests show 
no change in the color of the test solution. For 
preparation and use of hypo test solutions see For- 
mulary in the Appendix. 
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THE CHEMISTRY OF REDUCTION 
AND INTENSIFICATION 


General 


Although a photographer strives to make per- 
fect negatives, errors in exposure and development 
often occur. The resulting negatives may be dense 
or thin and flat, contrasty, or fogged. Through 
special treatments, such as reduction or intensifi- 
cation, the negatives may be improved to facilitate 
printing. Such treatments, however, should be con- 
sidered as emergency measures only, not as stand- 
ard procedure. The following general precautions 
should be observed before attempting either proc- 
ess: 
After fixation, thoroughly wash the negative and 
make sure it is free from scum or stain. 

Because reduction or intensification causes ex- 
cessive softening of the emulsion, it is recommend- 
ed that the film be hardened in a formalin hard- 
ening bath prior to treatment. See Formulary. 

Handle only one negative at a time to insure 
best results. 

Following the treatment, wash the negative 
thoroughly and swab it carefully before drying. 


Reduction 


The process by which the density of a silver im- 
age is decreased is called reduction. This should 
not be confused with chemical reduction (the de- 
veloping of the latent image). There are three 
types of reducers — subtractive or cutting, super- 
proportional, and proportional. 

Subtractive or cutting reducers remove an equal 
amount of silver from all parts of the image. This 
decreases the over-all density of the negative and 
appears to increase contrast. This type of reducer 
is used to improve negatives that are dense due 
to overexposure and negatives that are slightly 
fogged. The most widely used subtractive reducer 
is a one-bath working solution known as Farmer’s 
reducer. It consists of a mixture of potassium 
ferricyanide and hypo. The potassium ferricyanide 
oxidizes the silver. This forms silver ferrocyanide, 
which is dissolved by the hypo. For formula and 
operating directions see Formulary. Another type 
of subtractive reducer contains potassium perman- 
ganate, which is a very strong oxidizing agent. A 
solution of permanganate and sulphuric acid will 
oxidize the silver of the image to silver sulphate, 
which is soluble in water. If no acid is present, 
the permanganate has only a very weak action 
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on the negative image and may be used for the 
removal of dichroic fog. See Negative Defects in 
the Appendix. 

Super-proportional reducers are those which 
greatly reduce the dense areas of a negative with- 
out appreciably affecting the light or shadow 
areas. Therefore, this type of reducer is used to 
lower excessive contrast. Only one such reducer is 
known — ammonium persulphate. This chemical 
is a powerful oxidizing agent and attacks the heavy 
silver deposit in the image, transforming it into 
silver sulfate, which dissolves in the solution. This 
reducer must be used in an acid solution and is 
somewhat uncertain in its action. Because reduc- 
tion progresses with increasing rapidity, the nega- 
tive must be closely watched and agitated contin- 
ually during the process. This reducer should be 
mixed at least 24 hours before it is used. See 
Formulary. 

Proportional reducers affect all parts of the neg- 
ative in proportion to the density of the image and, 
therefore, decrease contrast as well as density. A 
negative that is dense and contrasty can be im- 
proved by treatment in this bath. See Formulary. 
One type of proportional reducer is made by com- 
bining a subtractive and a super-proportional re- 
ducer. For example, by combining potassium per- 
manganate (subtractive) with ammonium persul- 
phate (super-proportional) a proportional reduc- 
er may be obtained. The Farmer’s reducer used 
as a two-bath formula, instead of a single bath, will 
give almost the same results as a proportional re- 
ducer and will correct for overdevelopment. For 
preparation see Formulary. 


Intensification 


Intensification is the process by which the den- 
sity and contrast of the silver image is increased. 
Before intensifying an image, comply with the pre- 
cautions previously stated. There are three types 
of intensifiers in general use —— mercury, chromi- 
um, and silver. 

Mercury intensifiers are more common than 
other types because they are easier to use and less 
apt to cause damage to the emulsion. The pro- 
cedure when using this type of intensifier is to im- 
merse the negative in a solution, erroneously called 
a bleach, which deposits a white mercury com- 
pound upon the silver image. The whitened image 
is afterwards blackened, or redeveloped, thus in- 
creasing the density. The amount of intensification 
or mercury deposit is proportional to the density 
of the original silver image. In very thin areas the 
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deposit will be practically negligible. This intensi- 
fier can be used to improve negatives that are fully 
exposed but underdeveloped. The results obtained 
with mercury intensifiers are less permanent than 
those obtained with either the chromium or silver 
intensifiers. See Formulary. 

The chromium intensifier is preferred when per- 
manency is desired. The procedure is to subject 
the negative to a bleaching process, followed by re- 
development in a nonstaining developer which 
does not contain an excess of sodium sulfite. The 
sulfite tends to dissolve the bleached image before 
the developing agent has time to act. If the de- 
gree of intensification obtained with one treatment 
is not sufficient, the operation may be repeated. 
The degree of intensification becomes less with 
each subsequent treatment and little is gained from 
more than two treatments. The type of negative 
which may be improved with this intensifier is one 
that is thin, flat, or generally weak. Remember 
that only the areas that contain a silver deposit 
will be intensified. 

The silver intensifier is proportional in its action. 
It is equally suitable for positives and negatives 
because it does not change the color of the image. 
Intensification with silver is accomplished through 
the use of an acid solution of silver nitrate and a 
developing agent. This results in a precipitation of 
silver on the silver of the image. The intensifica- 
tion is completed in one solution and is easily con- 
trolled. The degree of intensification depends to a 
great extent on the time of treatment, which should 
not exceed 25 minutes. For preparation see For- 
mulary. 


THE CHEMISTRY OF TONING 


Toning is the process by which the color of a 
print or transparency is changed. By use of various 
toning solutions and techniques it is possible to 
obtain almost any desired color, but the discussion 
in this manual is limited to the production of a 
brown tone commonly known as sepia. Formulas 
for producing colors other than sepia are included 
in the Formulary. 

Sepia toning processes are divided into two gen- 
eral classifications, direct and indirect. In the di- 
rect processes the silver image is converted directly 
to silver sulfide, which is a sepia color. The in- 
direct processes use a bleaching solution to con- 
vert the silver image to silver bromide or silver 
chloride, which is yellowish in color. The yellow 
color is then changed to sepia by redevelopment 
in a solution of sodium sulfide. There are two 





processes in general use for direct sepia toning, the 
hypo-alum and the gold toner. 

The hypo-alum process consists of a solution 
containing hypo, potassium alum (white), sodium 
chloride, and silver nitrate. It must be used at a 
temperature of about 120° F. New baths do not 
work to the best advantage without ripening, 
which is usually accomplished by first toning a few 
discarded prints. The lighter portions of the print 
tone first and the dark areas last. When the dark 
areas have turned from black to sepia, the toning 
is complete. 


The gold toning process is similar to the hypo- | 


alum process except that a small quantity of gold 
chloride is added to the toning bath. This permits 
more control in obtaining a greater variety of sepia 
tones through variation in the time of toning. 

The indirect or redeveloping process is a two- 
solution process in which the print is first bleached 
and then redeveloped. Variations in the resulting 
sepia tone may be produced by controlling the ex- 
tent of the bleaching. If the blackened silver image 
is completely bleached, the resulting tone will be 
a pure brown. If it is not bleached completely, the 
final redeveloped tone will be brown-black, which 
may sometimes be desirable. 

In all toning processes, the tone of the final re- 
sult is dependent upon the proper exposure and 
full development of the original black and white 
image. If the black silver image has been under- 
developed, the result will be a weak shade of sepia. 
The richer sepia tones are obtained only when the 
silver image has been completely developed. For 
mixing formulas and procedures see Formulary. 


PREPARATION OF PHOTOGRAPHIC 
SOLUTIONS | 


General 


Chemicals for preparation of photographic 
solutions are available in packaged and_ bulk 
form. Packaged chemicals consist of the various 
chemicals in the correct proportions for prepar- 
ing specific photographic solutions. The four 
standard Armed Forces packaged developers are 
as follows: 


Nr 25 Paper developer 


Nr 1 = Film developer — high contrast 
Nr 2 Film developer — medium contrast 
Nr 3 Film developer — low contrast 


Other packaged chemicals include hardening 
powders of various types for normal and tropical 
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processing. For further information concerning 
packaged chemicals, reference should be made to 
applicable technical orders. 

When using bulk chemicals, a greater variety of 
solutions can be prepared but the chemicals are 
packaged separately and this necessitates weighing 
or measuring of each chemical. See Formulary. 

When mixing photographic solutions, it is very 
important that the manufacturer’s directions be 
followed. The order of mixing and the quantities 
of the chemicals have been determined by numer- 
ous tests. To change them may affect the proper- 
ties of the solution. Unless otherwise specified, a 
chemical must not be added to a solution until 
the previous one is completely dissolved. When 
adding a solid the solution should be stirred con- 
stantly to facilitate the dissolving of the chemical. 
There is a limit to the amount of chemical that a 
certain quantity of water will dissolve. When this 
limit has been reached, the solution is said to be 
saturated and more chemical will not dissolve. 


Weighing and Measuring 


Scales used for weighing photographic chemi- 
cals are usually calibrated for grains and ounces. 
Care should be taken to balance the scales ac- 
curately before use. Occasionally a formula will 
not designate the chemicals in specific weights, but 
rather by parts. For example, a 28% solution of 
acetic acid is made by mixing 3 parts of glacial 
acetic acid with 8 parts of water. The specific grav- 
ity of a solution containing only one chemical may 
be measured with an instrument called a hydrom- 
eter. A hydrometer is commonly used for measur- 
ing the strength of a plain hypo solution. For most 
photographic purposes, the specific gravity should 
read 68 at 65° F. 

A percent solution is one which indicates what 
percent of a given chemical is contained in the 
solution. A 10% solution is prepared by dissolving 
one part of the chemical in water to make 10 parts 
of solution. 

Chemicals for photographic use are sometimes 
marked C. P. (chemically pure) which means free 
from all impurities detectable by chemical analy- 
sis. If marked U. S. P. (United States Pharma- 
copoeia), the chemical is recognized as standard. 
Many unmarked commercial grades of chemicals 
are of sufficient purity for photographic use. 


Precautions in Handling Chemicals 


Never smell a chemical directly from the bottle. 
The bottle should be held a little distance from 
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the nose and smelled cautiously rather than by in- 
haling. 

Handle chemicals cautiously; some will produce 
burns and other skin irritations. 

To avoid damage to equipment and ene: 
chemicals should not be spilled. 

When mixing strong acids with water, add the 
acid slowly while stirring continuously, otherwise 
the solution may boil violently and spatter on the 
hands and face, causing serious burns. 

Because chemical fumes or dust may cause dam- 
age to sensitized materials, solutions should always 
be mixed in a special laboratory. 

Chemicals should be stored in air-tight contain- 
ers and in a cool, dry place. 

Containers for chemical solutions should be of 
an inert material such as glass. They should al- 
ways be properly labeled and stoppered. 


Water Purification 


When any doubt exists concerning the purity 
of the water supply, water to be used for mixing 
photographic solution should be purified. The 
four methods generally used to purify water are 
distillation, boiling, filtration, and chemical treat- 
ment. Distillation, properly accomplished, produc- 
es the purest water, but stills of adequate capacity 
are costly and the distilling process is slow. How- 
ever, in certain instances, as in preparing fine 
grain developers, it may be necessary to use dis- 
tilled water. 

The boiling process coagulates most colloidal 
vegetable and animal matter and changes calcium 
salts into an insoluble condition. When the impur- 
ities settle, the clear water can be poured off. 
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Boiling also eliminates dissolved gases and _ air 
from the water. Unless the water contains exces- 
sive quantities of dissolved salts, boiling will usual- 
ly afford sufficient purification. for photographic 
purposes. 

Filtration is used to remove suspended or un- 
dissolved matter from the water. In small quan- 
tities, water may be filtered through a fine mesh 
cloth fitted into a funnel. Purification of water 
for photographic use may sometimes require a 
combination of both the boiling and filtration 
processes. 

In certain instances it may be necessary to 
purify water by chemical means. For quickly 
clearing water of slime and suspended particles, 
potassium alum should be added — 15 grains per 
gallon. This small amount of alum will not affect 
the action of the prepared solutions. Alum, how- 
ever, iS not effective in removing dissolved salts 
from the water. Sodium oxalate, sodium phosphate, 
or sodium sulfite may be used to coagulate slime 
and precipitate calcium and magnesium salts. So- 
lutions of these chemicals are added to the water 
until there is no further precipitation. 

The temperature of water for mixing photo- 
graphic solutions should not exceed 125° F. In 
the case of developers, excess oxidation will occur 
if the temperature is higher than 125° F., and the 
chemicals will not readily dissolve at lower tem- 
peratures. . 

In preparing a photographic solution, each 
chemical should be dissolved completely in the 
order given in the formula unless otherwise stat- 
ed. Before starting to mix a solution, check the 
list of chemicals called for in the formula to see 
if a sufficient supply of each chemical is available. 





GENERAL 


Sensitometry is primarily the accurate measure- 
ment of the sensitivity or the response to light of 
an emulsion. However, since the effect of an ex- 
posure is apparent only after development, it can 
be said that sensitometry deals with both expo- 
sure and development and their relation to one 
another. 


Some of the characteristics of an emulsion that 
may be determined by sensitometry are the 
speed, color sensitivity, filter factor, effect of vary- 
ing conditions of processing, graininess, fogging 
tendencies, and latitude or exposure range of the 
film. 


Although sensitometry is most important for 
the manufacturer of emulsions, it is advisable for 
the photographer to have a basic understanding 
of it so that he can produce consistently good 
results under varying conditions. Hurter and Drif- 
field, in about 1890, were the first to carry out a 
systematic study of the relationship between ex- 
posure and development. Extensive studies of the 
subject have been made since then, but the basic 
principles advanced by Hurter and Driffield still 
apply. In general, a sensitometric test is made 
by giving an emulsion a series of known and con- 
trolled exposures ranging from a very thin “shad- 
ow’ to a dense “highliPht.” The emulsion is then 
processed under very exacting conditions and the 
resultant densities measured, plotted, and studied. 
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sensitometry 


Although a range of densities similar to those 
needed in sensitometry can be obtained by ex- 
posing a piece of film to any normal scene, a little 
thought will show that this is not practical. First, 
daylight is usually of unknown and varying in- 
tensity and color content. Second, conditions for 
one exposure could not be duplicated with any 
accuracy for subsequent exposures. Third, the 
various densities obtained from a scene are more 
or less jumbled, making it difficult to plot them. 

A more practical method would be one in 
which the intensity and quality of the light could 
be accurately controlled and where each different 
density could be arranged in progressive sequence. 

Such a method is accomplished by a machine 
known as a sensitometer. The light source for a 
sensitometer is usually a tungsten bulb with a 
means of controlling the intensity and the color 
output. The manner in which varying densities 
or steps are obtained divides sensitometers into 
two types, the time scale and the intensity scale. 
The time scale sensitometer, such as A Typical 
Sensitometer Diagram shown in Figure 53, allows 
an even intensity of light to strike the emulsion, 
but has a device which controls the length of 
time the light is allowed to act. This type has 
either a rotating disk or drum with graduated 
opening which passes between the photomaterial 
and controlled light source to give the stepped 
exposures. The lamp is controlled by the aid of 
a rheostat, ammeter, and voltmeter so that its 


AFM 95-1 15 SEPTEMBER 1959 


light can be held constant in intensity; a Nr 79 
filter is used to control the light quality. The 
drum is rotated by a synchronous motor at a 
speed of 12 revolutions per minute (one revolu- 
tion every 5 seconds) which passes 21 gradated 
openings between the photomaterial to be tested 
and the light source. A shutter, operated by 
pushing a button, stays open for one full revolu- 
tion, opening automatically just before the gra- 
dated opening reaches the photomaterial and 
closing automatically with the ring of a bell when 
the exposure is finished. 


MIRROR 


FILM OR PAPER 

















GRADATIVE OPENING IN 21 STEPS 


Fig. 53. A Typical Sensitometer Diagram 
(Time Scale) 


The intensity scale sensitometer, such as A 
Typical Sensitometer Diagram shown in Figure 
54, uses a step-wedge or screen of varying densities 
between the light and the emulsion. This type is 
different from the time scale models in that the 
light intensity changes with every step, and the 
time remains constant. 

The diagram in Figure 54 illustrates how the 
intensity is changed at each of the 11 steps with 
the aid of separate diaphragms adjusted in suc- 
cessively larger openings placed between the light 
source and photomaterial being tested. The lamp 
is an instantaneous starting type operated by an 
electronic timer, and the light quality is adjusted 
with a filter. Above the diaphragms each step is 
separated into a light-well which prevents any 
spilling of light onto an adjacent step. 

A makeshift intensity scale sensitometer can be 
made for average laboratory control work by us- 
ing a standard step-wedge of known densities, a 
projection lamp in a light-tight housing, a Nr 79 
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Fig. 54. A Typical Sensitometer Diagram 
(Intensity Scale) 


blue filter, a shutter and diaphragm assembly, and 
a regular printing frame. The photo material to be 
tested is placed in contact with the step-wedge of 
known densities in the printing frame. Then the 
exposure is made with the following factors which 
will be made constant: 

1. Distance from light to printing frame. 

2. Line voltage to lamp. 

3. Diaphragm opening. 

4. Shutter speed or time. 

5. Original step wedge. 

Unless these factors are standardized as con- 
stants for each type of photomaterial to be used 
in the laboratory, contro] can not be maintained 
with this method. The standard is set by trial and 
error exposures, and records are kept for future 
use. 

The standard is determined in the same man- 
ner whether using the time scale or the intensity 
scale sensitometers. The purpose of control in the 
laboratory is to reproduce the scene on the posi- 
tive materia] as accurately as possible, using the 
full scale of the positive material as a basis unless 


a special effect is desired. You should not be too 
concerned about the speed determination of the 
photomaterial, the manufacturer being responsi- 
ble for this according to ASA standards. There- 
fore, the intensity standard you would set for your 
sensitometer or lamp exposure should be adjusted 
as to center the gray scale with one continuous 
exposure, an intermittent exposure not being 
satisfactory. Your intensity standard may be 
different from that of the manufacturer, but it 
will be acceptable as long as it is consistent. 

The important aspect to be considered in this 
test is the known difference between each stepped 
exposure. The time scale sensitometer, with 21 
steps, Increases the exposure from one step to the 
other by a factor of the square root of two 
(V2=1.414) ; the intensity-scale sensitometer, 
with 11 steps, increases the exposure by a factor 
of two. In using the step wedge method, the 
density differences between each step should be 
so spaced that the greatest density of the original 
wedge is above 2.8 and the lowest density is 
below .2 in either 21 or 11 steps. If we are to 
make a scale showing the relative exposure 
values of each of the 21 steps by giving a value 


TABLE 1 
Relative Exposure Values for Sensttometric 
Measurements 
1 2 
Step Nr Arbitrary Units 

1 1 

2 1.4 

3 2 

4 2.8 

S 4 

6 5.6 

7 8 

8 11 

9 16 
10 22 
11 | 32 
13 64 
14 90 
15 128 
16 180 
17 256 
18 360 
19 DZ 
20 720 
21 1024 
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of one unit to the first step and increasing each 
one by 2, it would look like column Nr 2 in 
Table 1. 

The intensity scale sensitometer would skip 
every other step, using only the odd numbers in 
column 1. 


SENSITOMETER TYPE FM-15. The Control 
Sensitometric Photographic Type FM-15 is a 
small portable sensitometer for producing a series 
of controlled exposure on film or paper. It is 
used with the Densitometer FM-35 to determine 
processing rates for film, replenishment rates for 
continuous processing machines, paper and film 
speeds for continuous printers, and film speeds 
for use with aerial cameras. 


DENSITOMETER TYPE FM-35. The Densitome- 
ter FM-35 is a small portable densitometer used 
for measuring the speed and contrast of sensito- 
metric strips. It is normally used with the Control 
Photo-Exposing Type FM-15 in a sensitometric 
control system for continuous printers and _ proc- 
essing machines. (For more complete detail on 
this FM-15 Sensitometer and FM-35 Densitome- 
ter, check with the Handbook for Photo Lab 
Processing. ) 


PLOTTING DENSITY 


In order to study and fully understand the re- 
sults of a sensitometric test, it is necessary to plot 
the density of each step in relation to the expo- 
sure required to produce it (Fig. 55). The amount 
of light absorbed by the metallic silver is meas- 
ured as density. In order to fully understand the 
meaning of density as used in sensitometry, it is 
necessary to discuss transmission and _ opacity. 
Transmission is the ratio of hght transmitted by a 
negative to that falling on the negative. For 
example, if 1/10 of the light falling on a negative 
is transmitted, the transmission is said to be 1/10. 
Opacity is expressed as the reciprocal of trans- 
mission. The reciprocal of 1/10 is 10, and there- 
fore the opacity of the negative is expressed as 10. 

Density is expressed as the logarithm of opac- 
ity, which, in this case, is 1. A direct reading of 
density is obtained on a machine known as the 
densitometer. This is usually accomplished by 
comparing a beam of light passing through the 
negative to one of known intensity. The two fac- 
tors necessary for plotting the steps on a chart are 
exposure and density. Exposure is usually indi- 
cated along the base of the chart and density 
along the left hand side. The sensitometric 
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strip, previously exposed and processed, is placed 
in the densitometer and the density of each step 
is read and plotted on the chart. A typical chart 
might then look like the one in Fig. 55. In this 
illustration the strip from which it is plotted is 
also shown. 


H AND D CURVE 


It can be seen that the results of the plot take 
the form of a curve. This is referred to as the 
characteristic curve, H and D curve (after Hur- 
ter and Driffield), or the D log E curve. It is 
from these curves that the characteristics of emul- 
sions, exposures, and development are obtained. 


In the diagram, the first three steps of the 
strip show a slight and equal amount of density. 
This indicates that the film has not been affected 
by the light and that the density is due to the 
emulsion base and base fog, which is present to 
a certain extent in all emulsions. It is on the 
fourth step, in this case, that the exposure has 


DENSITY 


O28 O4 O56 O08 _ I2 


% 224 32 44 


just begun to affect the emulsion, as indicated by 
the slight increase in density. This is called the 
threshold and is the beginning of the “toe’’ sec- 
tion of the curve. This section is defined as the 
region of unequal rise because, for equal increases 
in exposure, the density increases unequally. The 
toe can be regarded as the region of underex- 
posure. It is the next portion of the curve, called 
the “straight-line portion,’ that is, perhaps, the 
most important. The straight line indicates 
that, for each increase in exposure, there is a cor- 
responding and equal increase in density. This is 
the region of correct exposure. The upper por- 
tion of the curve, known as the “shoulder,” again 
gives an unequal increase in density and is the 
region of overexposure. Further increases in ex- 
posure will actually result in a decrease in dens- 
ity and the curve would start downward. This is 
called reversal or solarization. The exposure re- 
quired for this reversal, however, is so great that 
it is of little importance to the photographer. 
In practice, the photographer should strive to 
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Fig. 56. H and D Curve 


keep his exposures confined to the straight-line 
portion of the curve. An underexposure will result 
in the shadows being represented by the toe sec- 
tion and, of course, will not be a true reproduc- 
tion of the subject in the shadow areas. Overex- 
posure, on the other hand, will cause the high- 
lights to fall on the shoulder portion of the curve. 
In other words, underexposure will flatten the 
shadows and overexposure will flatten the high- 
lights. The extent of this flattening is, of course, 
dependent upon the amount of under or overex- 
posure. Any exposure which will put both the 
shadows and the highlights on the straight-line 
portion can be considered as normal. Figure 56 
shows a characteristic curve with the various parts 
labeled. 

The relative speed of two different emulsions 
can be shown by plotting their curves on one 
chart as in Fig. 57. It is obvious that emulsion 
“A” is faster than emulsion “B” because it took 
less exposure for “‘A”’ to produce a certain density. 
A fast emulsion, then, is indicated by a curve 


that is near the left of the chart and a slowe! 
one by a curve that is more to the mght. 

Another characteristic of emulsions that can be 
illustrated by sensitometry is latitude. The greate 





Fig. 57. Comparison of Emulsion Speed 
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the range of exposures covered by the straight- 
line portion of the curve, the wider is the latitude 
and consequently, the greater the tolerance in 
computing the exposure. In, Fig. 58, emulsion “A” 
has a wider latitude than emulsion “B.” 


Fig. 58. Comparison of Emulsion Latitude 


Another use of sensitometry is the determina- 
tion of the degree of contrast to which an emul- 
sion is developed. This must not be confused with 
various other types of contrasts that are common 
in photography, such as subject, lighting, and in- 
herent emulsion contrast. Development contrast, 
referred to simply as gamma, deals only with the 
contrast to which an emulsion is developed and is 
concerned with the type and temperature of the 
solution, the time of development, and_ the 
amount of agitation the emulsion receives. Gam- 
ma (Y) is usually expressed numerically, with 
the value of 1 or normal. Values greater than 1 
are “contrasty’ and those less than 1 are “flat.” 
Since gamma is a measure of development, it fol- 
lows that increases in development up to a cer- 
tain point result in a higher gamma. Figure 59 
represents several strips from the same type of 
film, which have all been exposed identically and 
processed to different degrees. 

It is evident that the ratio between the high- 
light and shadow density of emulsion “A”’ is much 
greater than that of emulsion “B.” The contrast 
or gamma, therefore, is greater in “A.” 

Because of the fact that a developer will re- 
duce both the exposed and unexposed silver 
halides in an emulsion if allowed to act long 
enough, there is a definite limit to the gamma to 
which an emulsion can be developed. This limit, 
called gamma infinity (yo), varies greatly with 
different emulsions. Some emulsions have a gam- 
ma infinity as high as 7.0, while in others the 
gamma infinity may be as low as 1.4. After an 
emulsion has been developed to gamma infinity, 
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Fig. 59. Comparison of Contrast 


further development will result in fog and will 
actually decrease the contrast. 

There are several methods of determining the 
gamma to which an emulsion has been developed, 
one of which is illustrated in Fig. 60. Note that 
the straight-line portion of the characteristic curve 
is extended until it intersects the base line. Gam- 
ma is then equal to the tangent of the angle thus 
formed. It may be of interest to know that if the 
straight line forms a 45° angle with the base, the 
gamma is |. As the angle increases, gamma in- 
creases. 

Perhaps the most important use of gamma to 
the photographer is in the time and temperature 
method of development. This is merely the con- 
trolling of the development in order to produce 


Gamma is equal to the tangent of these angles 


Fig.60. Method of Determining Gamma 
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Fig.61. Time Gamma Temperature Chart 


a desired gamma. By consulting a time-gamma 
temperature chart, which is published by the 
manufacturer, the photographer can determine 
the proper developing time under varying con- 
ditions. Such a chart is shown in Fig. 61. 

As can be seen from the figure, the time of 
development in minutes is shown at the bottom. 
Fahrenheit temperature is indicated on the left 
side and centigrade on the right. Follow the line 
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indicating the temperature at which the emulsion 
is to be processed until it intersects the desired 
“gamma line.’’ From this point, drop a perpendic- 
ular to the time base. The intersection of the per- 
pendicular and the time base line indicates the 
proper time at the recommended agitation. Thus 
for the film and developer indicated, the develop- 
ing time at 70° F would be 15 minutes with in- 
termittent agitation to obtain a gamma of 1. 





VIEW CAMERA TYPE C-1 


The view camera, designated by the Air Force 
as ground camera, Type C-1, is portable and de- 
signed for use on a tripod. This camera may be 
used for general outdoor photography, interiors 
of buildings, engineering subjects, and for copy- 
ing. Ordinarily this camera uses 8 by 10 inch cut 
film, but by the use of adjustable dividing boards 
which are designed to fit the back of the camera, 
the film may be divided into two 5 by 8 or 4 by 
10 inch negatives, or four 4 by 5 inch negatives. 
The standard equipment consists of the following 
items : 

Triple convertible anastigmat lens in a betWeen- 
the-lens shutter. A supplementary wide-angle lens 
of 61% inch focal length is also available. 

Extension bed track for use with extended bel- 
lows. 

Sliding block for balancing camera on the tri- 
pod head. 

Extension tripod. 

Film holders for 8 by 10 inch cut film. 

Focusing cloth. 

The camera case is divided into sections for 
storing the entire equipment. The factors which 
govern the use of the C-1 camera are covered in 
the following paragraphs. 


Operating Space 
Because of the comparatively long focal length 


of the lens, this camera can be used only when 
sufficient space is available. 
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ground 
cameras 


Wind and Weather Conditions 


Extreme caution must be taken if this camera 
is used under adverse weather conditions. It is 
easily blown over and, unless shielded from wind, 
vibration will result in a blurred image. The 
camera should be protected against extremes of 
temperature. In cold weather, a sudden change 
from room temperature to outdoor cold may cause 
condensation on the lens. This must be removed 
before a clear image can be formed on the ground 
glass. The shutter may not operate properly at 
low temperatures. 


Lens Focal Length and Shutter Speeds 


The completely assembled lens has a_ focal 
length of 12 inches and a maximum aperture of 
f/7. The range of shutter speeds, from 1% second 
to 1/,, of a second, limits the use of this camera 
to still subjects. 


Composition 

Because the C-1 camera is primarily designed 
to make 8 by 10 inch negatives to be contact 
printed later, the proper arrangement of the sub- 
ject matter in the negative is most important. 


The principles which govern this are explained in 
Chapter 8. 


_ Precautions in Setting Up the Camera 


Lift camera by grasping both the carrying strap 
and the top of the frame. Compress the ends of 
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Block Taking Pressure of Lock Screw 


Fig. 63. Adjusting Height of Tripod 


the leg sections only enough to engage the soc- 
kets with the pins in the tripod head (Fig. 62). 
Press the spreaders down to lock the legs on the 
tripod head. Adjust the tripod to the desired 
height. The locking screws must be tightened only 
when the leg section is in a position such that it 
forms a solid block against the pressure of the 
screw (Fig. 63). 

On hard surfaces use a tripod leg brace or other 
means to prevent the legs slipping. Test stability 
of the tripod by moderate pressure on the tripod 
head. One leg of the tripod should be directly 
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under the camera lens and projecting forward in 
the direction of the subject to be photographed. 


Operating Precautions 

The shutter may be operated by pressing the 
release lever, but, as this may cause camera move- 
ment, it is best to use a cable release. Excessive 
elevation of the rising front will result in cutting 
off part of the image. Therefore, before making 
the exposure, examine the image on the ground 
glass. If bellows are allowed to sag when using 
a long extension, part of the image may be ob- 
structed. Check the image on the ground glass. 
When removing the ground glass back, raise the 
spring clips only enough to clear the tops of the 
retaining pins. When inserting the film holder, 
it is well to remove the camera back. This will 
avoid possible shifting of the camera position. In 
replacing the camera back, make sure that the 
lower and upper retaining pins are properly en- 
gaged in the holes in the clips. Withdraw the 
darkslide slowly and evenly. After exposure, in- 
sert the darkside squarely in the light trap with 
the black side of the metal top outward. Before 
closing the camera, see that the lens board cen- 
tering studs are correctly aligned. 


Care of Camera and Equipment 


The equipment should function smoothly. If 
any part does not, the cause should be found. 
Never use force on any part of the equipment. 
Do not touch the lens glasses. If necessary, clean 
the lens according to the directions given in Chap- 
ter 2. After disassembling the lens elements, they 
should be reassembled firmly but not tightly. The 
screw threads should be loose until the lens ele- 
ment is seated on the barrel shoulder. The in- 
terior of the bellows should be free from dust 
and foreign matter. The bellows may be brushed 
lightly when fully extended. Moisture should not 
be used inside the bellows. 


Handhng and Loading Cut Film 


All sensitized material should be kept in a cool, 
dry place. Cut film is packed in two- or three- 
part boxes with paper separators between the 
films. The paper separators should be saved for 
placing between negatives. The film is packed in 
two wrappings. The outside wrapping may be 
discarded if the film is to be used within a few 
days. Unused film should be wrapped in the pa- 
per provided, with the number of sheets remain- 
ing marked on the outside of the package. Fac- 








tory-packed film is dust free and should not be 
brushed before loading in holders. All film load- 
ing operations should be performed in a room used 
for this purpose only. The loading room must be 
lightproof, clean, and dust free. The bench or 
table on which the loading operations are per- 
formed should be cleaned with a damp cloth. 
The hands must be clean and dry when loading 
films. If perspiration exists, rinse in cold water. 
Film should be handled only by the edges. Re- 
move dust from the darkslides of a film holder 
before withdrawing them through the light trap. 
Then clean the inside of the holder, using a soft 
brush. Film holders should be checked for light 
leaks or other damage, especially the light trap. 

Stack the holders and darkslides conveniently 
on the loading bench. Load a sheet of film into 
the holder so that its long edges are covered by 
the retaining grooves and one end is pushed com- 
pletely under the groove at the light trap end 
(Fig. 64). Unless this is done, the end gate of 
the holder will not close properly. Be sure the 
film is loaded into the holder, emulsion side up. 
The emulsion side is up, or toward you, when the 
notches are in the upper right hand corner of 
the top edge. 


THE 4x5 CAMERA 
Description 


The 4 x 5 camera is a press type camera 
with a 4 x 5-inch negative size. It is a versatile 
camera designed for either hand-held or tripod 
operation. It will accept either a sheet film holder 
or a film pack adapter. 


LENSES AND APERTURES. There are two 
types of lenses and apertures used in the Air 
Force 4 x 5 camera. One is a coated Kodak Ektar 
lens with a focal length of 5 inches (127 mm) 
and a speed of f/4.7. The other is a coated 
Graflex Optar lens with a focal length of 5-1/4 
inches (135 mm) and a speed of {/4.7. The lens 
coating increases the light transmitted and in- 
creases the brilliance or contrast of the image. 
Like other fine lenses, coated or not, these lenses 
should be handled and cleaned with care. 


In making photographs outdoors under polar 
conditions, take care to keep moisture from con- 
densing on the lens. Hold the camera away from 
your face and wear thin gloves while operating 
camera. 
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Starting the Film in the Holder 





Completing the Insertion of the Film 





Inserting the Darkslide 
Fig. 64. Loading Cut Film 


The aperture indicator has “click stops’ so 
that setting may be made from behind the 
camera or in the dark. 


NOTE 
The first adjustment from f/4.7 to 
f{/5.6 is not a full stop. 


SHUTTERS. The Supermatic x and the Gra- 
phex shutters are used in the 4 x 5 cameras. These 
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Connector Pin for 
electronic flash | 


a 


Solenoid tripper 


Diaphragm Pointer 








Fig. 65A. Graphex Shutter 


shutters have a range of speeds from 1 second to 
1/400 second, and settings of time (T) and 
bulb (b). Shutter speeds from 1 second to 1/10 
on the Supermatic X shutter are marked in red to 
remind you to use a tripod with these settings to 
prevent camera movement. Shutter speeds from 
1/25 second to 1/400 second are in black. But in 
the Graphex shutter, the red marks run from 
time (T) to 1/50 second. The purpose of this is 
to synchronize the shutter with class M (-milli- 
second delay) flash lamps. Shutter speeds from 
1/100 to 1/400 are indicated in black. The shutter 
is set by rotating its outer rim; hence, it is called 
a rimset shutter. 
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The shutter must be cocked before it can be 
released. To cock the shutter, move the trip lever 
up until it catches. 


CAUTION 


Never change the shutter speed while 
the shutter is cocked; doing so will cause 
undue wear. Don’t leave the shutter in 
cocked or open position for long periods. 


The shutter may be tripped by pressing the re- 
lease lever on top of the solenoid tripper (Fig. 
65) or with the body release on the side of the 
camera. There is a cable release socket in the body 
release and one on the shutter under the solenoid 
tripper release lever. 

The press focus button (Fig. 65) enables you 
to open the shutter after it has been cocked with- 
out tripping the shutter or moving the rim set- 
ting to T or B. This is a convenience in ground 
glass focusing. To use this feature, with the shut- 
ter cocked, push down on the press focus button 
while tripping the shutter. The shutter will remain 
open. The cocking lever will drop down about 4 
inch. To close the shutter, simply recock it. 

In addition to the between-the-lens shutter just 
described, the 4 x 5 camera has a focal-plane 
shutter. The back or focal-plane shutter is an 
opaque curtain on rollers. The curtain has four 
rectangular openings, each five inches long but of 
different widths. As you make an exposure using 
the focal-plane shutter, one of these openings 
passes across the focal plane, allowing light to 
strike the film. The amount of exposure given the 
film depends on the width of the curtain open- 
ing, the speed with which it passes across the 
focal plane, and, of course, the lens diaphragm 
opening. 

The focal-plane shutter has free-drop speeds of 
1/60, 1/250, and 1/1000 second. It has governed 
speeds of 1/30, 1/250, and 1/500 second. The gov- 
ernor is controlled by the retard cam lever at the 
bottom of the camera (Fig. 66). You set the shut- 
ter speed by turning the shutter winding key 
until the correct shutter speed appears in the 
shutter speed window. Which set of speeds 
that appear in the window will depend upon 
the retard cam lever setting. When the lever is 
forward, as shown, shutter speeds of 1/30, 
1/120, and 1/500 appear in the shutter speed 
window as you turn the winding key. When the 
retard cam lever is pushed to the rear, shutter 
speeds of 1/60, 1/250, and 1/1000 seconds appear 
in the window as you turn the winding key. 





When you rewind the focal-plane curtain the 
curtain openings pass in front of the film. To 
prevent fogging the film, you must insert the 
darkslide before rewinding the shutter. 


In Figure 66 you can see the shutter selector 
slide on the side of the camera. When the raised 
portion in the center of the selector slide is oppo- 
site the word BACK, operating the body shutter 
release will trip the focal-plane shutter instead of 
the front shutter. You can also trip the focal-plane 


shutter by pushing the selector slide in and thentonge finde: 


upward to Trip. When you use this method, how- 
ever, you must return the slide to the BACK posi- 
tion after tripping the shutter. Therefore the body 
release is the more practical and easier trip to 
use. When you are using the front shutter the 
selector slide must be down with its center oppo- 
site the word FRONT, otherwise operating the body 
release will close the back-shutter instead of trip- 
ping the front shutter. 

When you are using either shutter, the other 
shutter must be open. When you are using the 
focal-plane shutter, set the front shutter to T 
(time) and open it. When you are using the front 
shutter, set the focal-plane shutter so that the red 
letter O (open) appears on the dial in the shutter 
speed window. 


Lens Hoop. The lens hood or lens shade slips 
directly on or off the lens. Don’t use a twisting 
motion in installing or removing the lens shade, 
as such a motion may unscrew the front lens ele- 
ment. Figure 68 shows the lens hood in place. 
The camera can be closed with the lens hood on 
the lens. 

The lens hood is made in two pieces so that it 
can be taken apart to insert a filter. In assembling 
the lens hood, be sure to start the threads straight 
and don’t screw the parts together too tightly. 


FRONT MOVEMENTS. There are three front move- 
ments — tilt, rising front, and lateral shift. 


Tilt. To tilt the lens, loosen the two tilt lock 
nuts (Fig. 66) and swing the front standard back- 
ward. When you have the tilt open, tighten the 
lock nuts. 


Rising Front. To raise the lens, loosen the rising 
front lock nuts on either side of the front stand- 
ard and lift the lens to the desired height. Be 
sure to tighten the lock nuts. The body release 
will not operate properly if the right-hand rising 
front lock nut is loose; with this nut loose, the 
bar that trips the shutter is not in its correct 
position. With the five-inch lens, the camera front 
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cannot be used in full raised position, as part of 
the image will be cut off. 

Lateral Shift. To shift the lens to either side, 
first unlock the front standard. (The front stand- 
ard is unlocked when the lock lever points for- 












f find 
Tubular viewfinder Open frame finder 


Optical verifinder 


eye piece Open-frame finder 


(open) 


a y 
Peepsight 
(raised) 


Coupled range finder 
Winding key 


Shutter Speed Dial 


Shutter selector slide 


Track 
lock 
lever 


| (closed) 


Bed Brace 


Hood 


release Focusing knob 


Retard cam lever 
(Governor) 


Camera clamp screw 


Fig. 66. The 4 x 5 Camera 
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ward.) Then depress the lateral shift spring (Fig. 
66) and slide the front standard to either side 
as required. Lock the front standard by swing- 
ing the lock lever to the side. 

Note that the lateral shift becomes a rising and 
falling front when the camera is in position for a 
vertical picture. 


CAUTION 


Do not attempt to close the camera until 
you have returned the front standard to 
its normal position. 


DouBLE EXTENSION BELLOwS. When the infinity 
stops are pushed outward and down so that they 
lie flat, the front standard may be pulled out to 
whatever bellows extension is required. For a full 
size image of the subject (1 to 1 ratio) an exten- 
sion of double the normal focal a of the bel- 
lows is necessary. 


Opening the Infinity Stops to Allow Double 
Bellows Extension 


The lens-to-film distance is measured from the 
diaphragm control ring to the film. The lens-to- 
subject distance is measured from the diaphragm 
control ring half way into the subject. With the 
Standard 5-inch lens, these distances are, of 
course, two focal lengths or ten inches. 
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The exposure factor for 1:1 photography 1s 4, 
hence the exposure must be increased four times. 
Since the depth of field is small, it is well to 
stop down to f/32. 


How to Operate the 4 x 5 Camera 


The 4 x 5 camera is sturdy but it is a precision 
instrument and should be handled with care. Do 
not twist any knobs or push any buttons until you 
know how they work. All parts of the camera 
should work easily. If some part seems to work 
hard, don’t force it; find out what is wrong. 


Tripod Operation 


As mentioned before, the 4 x 5 camera may be 
hand-held or mounted on a tripod. The camera 
should be used on a tripod when: 

The shutter speed is slower than 1/25 second. 

Photographing large groups. 

Making formal portraits. 

Using extended bellows. 

Using the front movements (tilt, rising and fall- 
ing front, lateral shift). 

Photographing interiors with the wide-angle 
lens. 

Set up the tripod according to the instructions 
on pages 51 and 52. Place the closed camera on 
the tripod and secure it in position by tightening 
the camera clamp screw (Fig. 67) into one of 
the tripod sockets provided and then tightening 
the camera screw lock nut. For horizontal com- 
position, use the tripod socket on the bottom of 
the camera. For vertical composition, use the soc- 
ket under the carrying strap. To expose this soc- 
ket, unhook the strap by pressing inward on the 
spring at the base of the strap and slipping the 
clip off downward. 


To open the camera, press the concealed re- 
lease button located on the upper front corner 
of the camera above the hand strap. As the cam- 
era bed springs forward, catch it and pull it down 
until it snaps into full locked position. 

Unlock the front standard by pulling the lock 
lever forward until it is parallel with the track. 
Then pull the front standard out against the in- 
finity stops and lock it in place by swinging the 
lock lever to the side. 

FOCUSING THE CAMERA. The 4 x 5 camera is fo- 
cused by racking the track and front standard 
forward or back with the focusing knobs to move 
the lens toward or away from the film. During 





focusing, the front standard must be out against 
the infinity stops. The track lock lever must be 
unlocked (parallel to the track). You can seriously 
damage the track and lock if you attempt to 
move it while it is locked (lock lever swung to 
the side). 

If, in focusing, you rack the track one inch or 
more beyond the bed, the rangefinder arm be- 
comes disengaged from the stud that joins it to 
the track. This is normal, but be sure that the 
arm engages the stud as you rack the track back, 
otherwise the rangefinder may be forced out of 
adjustment. 

There are three methods of focusing with the 
4 x 5 camera — ground glass focusing, focusing 
with the coupled rangefinder, and focusing with 
the focusing scales. Ground glass focusing is most 
accurate, and it is the only method which can 
be used with the wide angle lens, with extended 
bellows, with dropped bed, or with the front 
movements. Only ground glass focusing is dis- 
cussed here; the other methods are covered under 
hand-held operation. 

For ground glass focusing, both the front and 
back shutters must be open. Open the front shut- 
ter by using either the press focus button or the 
time (T) setting. The back or focal-plane shut- 
ter is open when the letter O shows in the shut- 
ter speed window. If the shutter speed dial is 
blank, turn the winding key (Fig. 66) until the 
letter O appears. If the dial shows a fractional 
speed, repeatedly press the shutter selector slide up 
to TRIP until the O appears at the speed window. 

Open the viewing hood by pressing the release 
lever at the bottom. Don’t let the hood fly open; 
cushion it with your hand and ease it gently open. 

Unlock the track, then rack it forward and back 
with the focusing knobs until the principal object 
plane is in sharp focus. Lock the track by swing- 
ing the lock lever to the side. 

Composition. There are three methods of com- 
posing with the 4 x 5 camera — with the ground 
glass, with the optical viewfinder, and with the 
open frame finder and peepsight. The ground 
glass method is the most accurate and it is the 
only method that can be used for close distances 
or with the front movements. Composition with 
the ground glass is discussed here; the other 
methods are discussed under hand-held opera- 
tion. 

For ground glass composition, both the front 
and the back shutters must be open. Compose 
the scene on the ground glass, shifting the cam- 


59 


AFM 95-1 15 SEPTEMBER 1959 


era as required. To close the viewing hood, press 
in on the two lower side panels, up on the bot- 
tom, and down on the top. 

CLOSING THE CAMERA. If the camera is closed 
improperly, the focusing track may be damaged. 
To close the camera properly, first rack the track 
all the way back into the camera with the. focus- 
ing knobs. This places the break in the track over 
the bed hinges. Leave the track lock lever in the 
forward (unlocked) position. Second, unlock the 
front standard by swinging the front standard 
lock lever forward. Push the.front standard all 
the way back into the camera body and lock it. 
Third, press down on the two bed braces, then 
swing the bed upward until it snaps shut. 


Hand-Held Operation 


To hold the camera for hand-held operation, 
slip your left hand under the carrying strap far 
enough to allow your fingers to grip the edge of 
the camera body. This frees your right hand for 
focusing, changing film, and operating the cam- 
era. Adjust the strap to the night length with the 
snap buttons. Steady the camera by bracing it 
and your arm against your body. Don’t attempt 
to use shutter speeds slower than 1/25 second for 
hand-held operation. 


Focusinc. As mentioned before, there are three 
methods of focusing with the 4 x 5 camera — 
ground glass, coupled rangefinder, and the focus- 
ing scales. 


Ground glass focusing is used primarily for tri- 
pod operation. If you use the ground glass for 
hand-held operation, be sure that you hold the 
camera in the same position during focusing, com- 
posing, and releasing the shutter. 


Focusing with the Rangefinder. To use the 
coupled rangefinder, view the subject through the 
top eyepiece of the finder. You will see two round 
areas of different brightnesses, each containing an 
image of the subject. The smaller, center area is 
brighter than the outer circle. Now rotate the 
focusing knobs to move the front standard and 
lens in and out. The center area and its image 
move up and down. Whenever you can see two 
images, the subject is not in focus. As you rotate 
the focusing knobs, you will find a position were 
the two images superimpose. When they do — 
when you see only one image — the subject is 
in focus. 


You will find it easier to focus with the range- 
finder if the subject you are focusing on is near 
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Range Finder Focus 


the center of the visible area. Make sure that the 
lower rangefinder eyepiece isn’t covered while you 
are focusing. 

The rangefinder cannot be used at subject dis- 
tances under six feet. 

The Focusing Scale. The semi-vernier focusing 
scale provides a very fast method of focusing. For 
distances of 100 feet or infinity (o ) move the 
track (by rotating the focusing knobs) until the 
number on the movable scale is in line with the 
same number on stationary scale. For distances of 
6 feet to 50 feet, align the indicating arrow on the 
inner part of the scale with the correct number on 
the outer scale. In the illustration above, the 


Subject at 50 Ft. 
No parallox correction 


Subject at 50 Ft. 
parallax corrected 








The Semi-Vernier Focusing Scale 


camera is focused for a distance of 25 feet. 

This method requires care and accuracy in esti- 
mating the distance from camera to subject since 
the method is only as accurate as the photog- 
rapher’s ability to judge distance. 

Composinc. Although there are three methods 
of composing with the 4 x 5 camera, the ground 
glass method is impractical for hand-held oper- 
ation. It is discussed under tripod operation. The 
other two — the optical viewfinder and the open 
frame finder — are discussed here. 

The Optical Viewfinder. As you can see from 
Figure 66, the optical viewfinder, also called the 
parallax viewfinder, is located on top of the cam- 


View seen 


View photographed 


View seen and 


photographed 


Parallax Correction with the Optical Viewfinder 
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era at the right side. Because of its position above 
the plane of the film, the viewfinder has a dif- 
ferent angle of view than the lens. This difference 
in angle of view, illustrated in the upper figure 
at the left, is called parallax. 

The viewfinder has an adjustment for parallax 
so that you can view the same scene through the 
viewfinder as that covered by the lens. 

To use the viewfinder, first rotate the eyepiece 
on the back of the viewfinder until the correct 
subject distance is set on the top of the view- 
finder dial. Then view the scene through the cam- 
era eyepiece. Somewhat less subject area will be 
visible in the viewfinder than the lens will record 
on the film. Thus when the viewfinder is filled 
with the subject image, there will be enough 
space to crop or mask the negative during print- 
ing. 





Viewfinder Eyepiece Set to Correct 
Parallax at 15 Feet 


The Open Frame Finder. The open frame find- 
er consists of two parts — a peepsight on the back 
of the camera and a frame which telescopes 
around the front standard. The open frame finder 
is often called the sportsfinder because of its com- 
mon use in sports-action photography. With the 
open frame finder, you can see the surrounding 
area and anticipate action within the viewed area. 

To prepare the open frame finder for use, swing 
the peepsight upward into a vertical position and 
raise the frame by means of the knurled finger 
grips on either side. As the frame slides up, you 
will hear or feel three distinct clicks. Each of 
these clicks designates a position in which the 
frame should be placed to correct for parallax 
at a subject distance of 6 feet, 15 feet, or infinity. 
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To use the open frame finder, look through the 
peepsight and center the subject in the frame. 

Photography of moving objects is covered in 
Chapter 9. 


Use of the Wide-Angle Lens 


The two main advantages of the wide-angle 
lens are that it will cover a large subject area and 
produce a greater depth of field than the 5-inch 
lens. Because of these features, the wide-angle 
lens can be used to advantage for photograph- 
ing interiors, for working in confined areas, and 
under other conditions where the subject area 
cannot be covered with the 5-inch lens. Photo- 
graphing the interiors of small rooms and the inte- 
riors of aircraft are typical examples of this type 


of photography. 


a 
a 
a 
woe 
ere 
~ 
~ 
~ 
s 
fo 
3%" lens 


mK 


Comparative Coverage — Standard 
and Wide-Angle Lenses 


When a great depth of field is required, and 
objects very close to the camera as well as those 
at infinity must be in critically sharp focus, the 
wide-angle lens is a valuable photographic tool. 
When, for example, the wide-angle lens is fo- 
cused on 15 feet and then stopped down to f/32, 
everything from approximately six feet to infinity 
is in sharp focus. This is the result of its short 
focal length. The wide-angle lens furnished for 
the 4 x 5 camera has a focal length of 31% inches. 
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Two disadvantages of the wide-angle lens are: 
(1) it produces distortion near the edges of the 
picture and (2) the outer edges of the negative 
receive less exposure than the center. There is no 
practical method of completely eliminating all the 
distortion; however, there are the advantages of 
greater depth of field and wider coverage. 

The inverse square law explains why the outer 
edge of the negative receives less exposure than 
the center. It is farther from the lens to the outer 
edges of the film plane than it is to the center 
of the film plane. The same is true of the 5-inch 
lens; but, as you can see from the illustration 
below, the difference in distance is more pro- 
nounced with the wide-angle (31-inch) lens. 





32" 


film plane 


DescripTION. The wide-angle lens designed for 
use with the 4 x 5 camera has a 3'4-inch focal 
length. Its largest f/stop is {/6.8 and its smallest 
stop is {/32. The lens is mounted in a Graphex 
rimset shutter which has speeds to and including 
1/400 second. 
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INSTALLATION. Remove the 5-inch lens by plac- 
ing the camera on its back, sliding the two re- 
taining plates that hold the 5-inch lens board 
aside, and lifting out the lens and board. Lift the 
lens board out toward the right side to avoid 
bending the shutter release bar. Insert the wide- 
angle lens in the front standard and slide the 
retaining clips over the lens board to lock it in 
place. 

Use extreme caution when installing the wide- 
angle lens. Don’t force the lens assembly while 
putting it in or taking it out of the camera. If 
you install it properly, the lens assembly will slip 
easily into its proper position. When the lens is 
not in the camera, keep it in the camera case. 


Fig.67. Camera Bed Lowered to Permst Use 
of Wide-Angle Lens 





Because this lens has such a wide angle of cov- 
erage, the end of the camera bed will block the 
view of the wide-angle lens when the bed is in 
normal position. To overcome this problem, the 
camera is designed so that the bed can be 
dropped to the position shown above. To drop 
the bed, first make sure that the hinges on the 
track are directly over the hinges of the cam- 
era bed. If the front standard has been pulled 
out to the infinity stops, you will have to slide it 
back into the camera. Now grasp the camera bed 
with both hands, with the lens pointing away 
from your body, and press down with your 
thumbs on the upper ends of the bed braces. The 
pressure of your thumbs will release the bed braces 








from the upper holding notches and allow them 
to slide down into the lower notches. Ease the 
bed down until the bed braces snap into the low- 
er locked position. 

In mounting. the camera on the tripod, use the 
hole near the edge of the tripod head. The hole 
in the center is used for normal operation (with 
the 5-inch lens). 

Focus AND COMPOSITION. The viewfinders (both 
optical and open frame), the rangefinder, and the 
focusing scale are all adapted to the 5-inch lens. 
They cannot be used with the wide-angle lens. 
With the wide-angle lens, you must use the 
ground glass for focusing and composition. 


FLASH PHOTOGRAPHY 


In flash photography, exposures are made with 
the aid of illumination produced by one or more 
photoflash lamps. The flash lamps may provide 
the total light necessary to expose the film, or 
they may be used in combination with other light- 
ing, either artificial or daylight. 

Photoflash lamps are light bulbs filled with a 
highly combustible mixture of oxvgen and _hair- 
fine wire. When a photoflash lamp is ignited by 
electrical current supplied by dry cell batteries, it 
produces a very short but extremely brilliant flash 
of light. Photoflash lamps are manufactured in 
many sizes and several types. Those commonly 
used in the Air Force are of the types shown 
in Figure 69. 

The smaller of the lamps shown produces a 
flash brilliant enough for most purposes. There- 
fore this lamp, commonly called a ‘peanut bulb,” 
is the popular choice of cameramen. 

The larger lamp illustrates one of the numer- 
ous sizes available in the screw-base type. These 
bulbs, of greater intensity than the peanut type, 
are generally required only for photographing 
large areas or when it is necessary to use extreme- 
ly fast shutter speeds and small diaphragm open- 
ings. 

The equipment commonly used in flash photog- 
raphy is a device known as a flash gun. A flash 
gun consists of a battery case to house the dry 
cells and hold the lamp, and a detachable re- 
flector for concentrating and directing the light. 
The flash gun supplied as standard equipment 
with the Air Force 4 x 5 camera has two reflect- 
ors —— one for the bayonet-base peanut bulb and 
one for medium screw-base bulbs. The flash gun 
is equipped with a clamp so that it can be at- 
tached to the camera as shown in Figure 68. 
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The flash gun can be attached to either side 
of the camera or used independently. 





Fig. 68. The 4x 5 Camera with Flash Assembled 


Why Flash Photography is Necessary 


In every type of military photography, with the 
possible exception of copying, situations arise in 
which satisfactory results can be obtained only if 
flash-bulb illumination is used. Consider, for ex- 
ample, the following situations: 

Aircraft crashes and vehicle collisions occurring 
at night. 

Unsatisfactory-report or engineering photo- 
graphs which must be made in aircraft parked on 
the line. 

Interiors which are so large that time exposures 
with “painting” lights would be unusually long. 

Action photographs requiring fast shutter speeds 
and small diaphragm apertures and which must 
be made indoors or in subdued daylight. 

Engineering shots of rapidly moving machinery 
or equipment. 

Harsh shadows which should be filled in when 
other types of lighting are used as the main source. 

It follows that an understanding of photoflash 
techniques is essential to success as an Air Force 
cameraman. 
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Types of Flash Photography 


The methods of using photoflash lamps are as 
varied as the reasons for using them; however, 
flash photography may be broken down into two 
general categories — open flash and synchron- 
ized flash. 

In synchronized-flash photography, a synchron- 
izing device is used so that the camera shutter 
reaches the wide open position at the same in- 
stant that the flash reaches peak brilliance. Syn- 
chronized-flash photography is discussed on page 
64. 

In open-flash photography, the flash lamp is 
used without the synchronization device men- 
tioned above. This technique permits the making 
of flash photographs with any camera having a 
' shutter which can be set on time or bulb. 


Open Flash Photography 


The procedure for making an open-flash expos- 
ure 1s as simple as one-two-three. With the shut- 
ter set on T or B, you merely: open the shutter 
— flash the lamp — close the shutter. 

FACTORS YOU SHOULD CONSIDER IN OPEN FLASH 
PHOTOGRAPHY. Although the basic procedure for 
making an open-flash exposure is extremely sim- 
ple, there are several important factors you should 
consider in open-flash photography. 

For open-flash photography, the camera must 
be tripod supported. You can see the reason for 
this when you consider the fact that the shutter 
is open for at least several seconds. Under some 
conditions you may be able to make hand-held 
open-flash exposures, but you will find the proce- 
dure rather awkward. It is not recommended. 

The duration of flash of the lamps commonly 
used in the Air Force is approximately 1/50 sec- 
ond. Since the subject will register on the film as 
long as it is illuminated, this flash duration has 
the same effect as a shutter speed of 1/50 second. 
It follows that the open-flash technique is limited 
primarily to photography of stationary objects. 
Moving objects can be photographed by open 
flash only when the motion is slow enough to be 
“stopped” in 1/50 second. 

Since open-flash photography requires no syn- 
chronizing connection between the camera shutter 
and the flash gun, it is possible to flash the lamp 
from any desired position. In fact, it is desirable 
to use the flash gun separate from the camera in 
most cases. When, for example, you photograph 
a room, near objects will be overexposed as com- 
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pared to the more distant parts of the room if 
you flash the lamp from the camera position. By 
detaching the flash gun from the camera, you can 
fire it from a better position and hold it in a 
manner that will direct more light toward the dis- 
tant objects. 

When you can’t illuminate a large area com- 
pletely with the light from a single photo flash 
lamp, you can fire as many lamps as necessary 
to cover the area from different positions. How- 
ever, this technique differs from the “painting 
light” system in that you must remain out of the 
field of view of the lens when using flash lamps. 

CALCULATION OF OPEN-FLASH EXPOSURES. Each 
type of photo flash lamp is assigned a series of 
guide numbers based on the intensity of light pro- 
duced by the lamp, the speed of the film which 
will be used with the lamp, and the shutter speed. 
These numbers are established by the manufac- 
turers and are printed on each carton of bulbs in 
chart form. A typical chart is shown below. 


EXPOSURE GUIDE NUMBERS 
Distance in feet (lamp to subject) x f value 


Film 
Speed 
Rating 

(Tungsten) 


20-32 40-64 80-125 


*240 
**320 


Time Bulb 
1/25, 1/50 


*210 


1/100 **280 


*180 


1/200, 1/250 **235 


*120 


1/400, 1/500 **160 


*Lamp in average synchronizer reflector. 
**Lamp in large studio reflector. 


Typical Guide Number Chart 


As you can see, this particular chart gives two 
guide numbers for each combination of shutter 
speeds and film speeds. In such cases, each set 
of numbers is for a particular type of reflector. 
When only one set of guide numbers is shown, 
you can assume that it is for use with the average 
reflector. 

For each combination of shutter and film 
speeds, the guide number represents the product 
of the lamp-to-subject distance multiplied by the 
f/stop. You can use these guide numbers in two 








ways. To obtain the required lamp-to-subject dis- 
tance, divide the guide number by the f/stop 
you intend to use. Or, if you have already decid- 
ed on the lamp-to-subject distance, divide this 
distance into the guide number to obtain the 
f/stop at which you must set the diaphragm. 

To illustrate, let us assume a set of conditions 
and solve a sample problem. Assume for this ex- 
ample that the chart shown on page 62 gives the 
correct guide numbers for the flash bulb you are us- 
ing (the chart on the carton is identical with the 
chart shown here). Assume also that the film you 
are using has a film speed (tungsten) in the 20- 
32 range. Finally, assume that you are using an 
average synchronizer reflector. 

Since this is open-flash photography, the shut- 
ter setting will be time or bulb. For a film speed 
of 20-32 and time or bulb setting, the chart shows 
a guide number of 240 for this lamp in an aver- 
age synchronizer reflector. 


Now suppose you want to make the exposure - 


at a specific lamp-to-subject distance, 20 feet, for 
example. To obtain the required f/stop, divide the 
guide number (240) by the lamp-to-subject dis- 
tance (20). Then 240 + 20 = f/12, the aperture 
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at which you must set the diaphragm to obtain 
proper exposure. 

Or perhaps you want to make the picture at a 
specific f/stop, say {/16. Then, for this example, 
the distance at which the lamp must be placed 
is 240 + 16 = 15 feet. 

In the photography of interiors, the f/stop will 
be predetermined and the problem solved for 
lamp-to-subject distance. This is true because 
depth of field is of primary importance in interior 
photography. 

In making any type of flash photograph, you 
must use a certain amount of judgment. Guide 
numbers are based on photoflash lamps _ being 
used in average-sized rooms having fairly light 
colored walls and ceilings. Therefore the exposure 
indicated by the guide number must be modified 
to some extent when flash photographs are being 
made in large rooms or in rooms having walls of 
poor reflective quality. A similar situation exists 
in the making of photographs outdoors at night 
when there are no reflecting surfaces of any kind. 
In this case, it is the usual practice to use a dia- 
phragm opening two stops larger than that indi- 
cated by the guide number or to reduce the lamp- 
to-subject distance by half. 


LIGHT - MILLIONS OF LUMENS 


TIME - MILLISECONDS 





Fig. 69. Flash Synchronization 
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Synchronized Flash Photography 


A somewhat inaccurate way of defining synchro- 
flash photography would be to say that it is that 
form of flash photography in which the shutter 
is tripped and the lamp flashed simultaneously. 
This definition is inaccurate because the stand- 
ard flash lamp takes 20 milliseconds to reach its 
peak brilliance, while it takes the average be- 
tween-the-lens shutter only 5 milliseconds to reach 
its full open position. The problem then 1s to de- 
lay the shutter action long enough that the peak 
of the flash (shown graphically in Fig. 69) and 
the full opening of the shutter occur at the same 
time. The required delay is accomplished bv the 
solenoid tripper on the camera (Fig. 66). More 
accurately then, the term synchroflash applies to 
an electrical or mechanical method of opening 
the shutter such that it is fully open when the 
flash lamp is burning brightest. 

Synchronized-flash photography makes it possi- 
ble to take pictures under lighting conditions 


which would ordinarily make photography diff-. 


cult if not impossible. For example, outdoor action 
pictures at night and sports events indoors require 
a fast shutter speed to stop action as well as more 
light than is generally available. 

THE SOLENOID-OPERATED SYNCHRONIZER. To 
trace the action of the solenoid-operated synchro- 
nizer, follow the wiring and schematic diagram 
shown below. 







Flash lamp 
20 millisecond delay 
to reach peak 





Tripping lever 





Solenoid core 
15 millisecond delay 
Shutter 

5 millisecond 
mechanical delay 


Fig. 70. Wiring and Schematic Diagram of a 
Typical Solenoid-operated Synchronizer 


When you push the button (switch) on the 
battery case, current flows to both the solenoid 
and the lamp. The lamp is fired and the solenoid 
core is drawn downward to release the shutter. 
However, the action of the solenoid takes 15 mil- 
liseconds. 

This 15-millisecond delay in releasing the shut- 
ter, plus the 5 milliseconds it takes the shutter to 
open, allows the lamp to reach peak illumina- 
tion at the same time the shutter reaches full open 
position, 

The diagram shown below is schematic; it 
doesn’t look much like the actual equipment. 
Figure 68 shows the 4 x 5 camera set up for 
synchronized flash with the solenoid and other 
equipment attached. 

How TO DIRECT THE FLASH. Flash exposures 
made with the flash gun attached to the camera 
may have distracting shadows on the background. 
This is particularly noticeable with flash portraits 
shot with the subject close to the background. 


* To eliminate or minimize such shadows, follow 


one of the following methods. 

Detach the flash gun from the camera and hold 
it so that the reflector is directly above the cam- 
era lens. This throws the shadows behind the sub- 
ject. However, it provides very flat lighting. 

You may be able to achieve a better effect by 
holding the flash gun high and to one side of 
the camera. This throws the age aay shadows 
off to one side and out of the picture area and 
gives better modeling. However, this method of 
lighting sometimes produces harsh shadows. In 
some cases the shadows may be useful, especially 
when a dramatic effect is desired. However, they 
are objectionable in pictures that require maxi- 
mum detail. 

The best way to reduce harsh lighting is to use 
some sort of diffusion in front of the flash lamp, 
such as that obtained with a white handkerchief, 
cheesecloth, or frosted cellulose acetate. Of course 
diffusion reduces the intensity of the light and 
requires that the exposure be modified according- 
ly. A guide for finding the correct exposure when 
a diffusing medium is used over the flash bulb 
follows: 

Using any film-speed and shutter-speed setting, 
note the difference in f/stop reading when point- 
ing a light meter at a constant light source first 
with the diffuser infront of the light cell and 
then without. The difference (in f/stops) in the 
meter readings will be the same as the number 


of stops difference you must modify the exposure 
when using the diffuser over the reflector. 

How TO CALCULATE EXPOSURE. You use guide 
numbers in the same manner for synchronized- 
flash as for open-flash photography, except that 
you must use a different guide number for each 
shutter speed faster than 1/50 second for synchro- 
nized-flash exposures. 

Remember too that guide numbers are calcu- 
lated for use in average-sized rooms with medi- 
um-colored walls and ceilings. When you use guide 
numbers for conditions other than these, you must 
make compensations to arrive at the correct expo- 
sure. In doing this you can use the following as a 
guide: 

Open up one stop in a large room. 

Open up two stops in a hangar or out-of-doors. 

Close down one stop in a small kitchen or other 
small room. 

Close down two stops in a bathroom or small 
closet. 


Multiple Flash 


Although single flash may be used in most sit- 
uations, it has some disadvantages which may be 
overcome by the use of multiple flash (exposure 
by more than one flashlamp). 

Multiple flash gives more light over large areas 
than single flash, and, if they are placed properly, 
several flashlamps subdue or eliminate the dis- 
tracting shadows produced by a single lamp. 

Multiple flash provides better coverage of the 
area photographed when a wide-angle lens is be- 
ing used for interiors. i 

When the lamps are properly placed, multiple 
flash prevents “blocking up” the highlights and 
provides good crosslighting to show texture and 
detail. 

Multiple flash is valuable in obtaining even 
lighting over the entire group when large groups 
of people are being photographed. 

You determine exposure in multiple flash in the 
same way as for single flash. Base all calculations 
on the size of the key light and its distance from 
the subject. The key light is the one providing 
the most intense illumination. It may be the one 
on the camera or it may be one of the extension 
flashes. In either case, make exposure calculations 
with regard to the key light only. If all lamps are 
of the same size, the one closest to the subject 
will provide the most intense illumination and will 
therefore control the exposure. The fill-in lights 
serve only to add detail in the shadows and have 
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no effect on the intensity of the general lighting. 
On the other hand, the exposure always changes 
when the distance of the key light from the sub- 
ject 1s changed. 

If you use two bulbs at or near the camera, 
calculate the exposure for one bulb but halve the 
exposure derived from the flash exposure table. 


Synchro-Sunlight Photography 


Quite often you will find it desirable to reduce 
or otherwise change the lighting contrast of a sub- 
ject, especially one in bright sunlight. When the 
sun casts deep shadows on the subject, as illus- 
trated on the next page, it is difficult, if not impos- 
sible, to obtain both highlight and shadow detail in 
the negative. By filling in or illuminating these 
shadow areas to decrease the lighting contrast, vou 
can more easily record full detail in the negative 
and get a more pleasing picture. 


One way of filling such shadows is to use a 
photoflash lamp. This method, called synchro-sun- 
light photography, is easy to use and may be 
adapted to practically all types of outdoor photog- 
raphy. The flash does not noticeably affect the 
highlight areas, consequently you can use an ex- 
posure meter in calculating the exposure. You 
then place the flash at the correct distance from 
the subject to obtain the desired ratio of light. 


The correct ratio of light between highlight 
and shadow areas varies for different tvpes of 
subjects. For most portraiture, a ratio of 1:4 1s 
desirable. This means four times as much light 
in the highlights as in the shadows. The 1:4 ratio 
allows good modcling of the subject, which gives 
the impression of depth in the picture. For engi- 
neering or mechanical-parts photography, a ratio 
of 1:2 1s more desirable because maximum detail 
is required in all areas of the subject. 


LAMP-TO-SUBJECT DISTANCE. To obtain the cor- 
rect balance between davlight and flash, you must 
place the flash at the correct distance from the 
subject. To compute this distance use the pro- 
cedure given in the following paragraphs. 


With a meter compute the correct exposure for 
the highlight area of the subject. As an example, 
assume that you are using Class A film and that 
you find the correct exposure to be 1/100 second 
at f/16. 


Determine the guide number for the bulb, film, 
and exposure. Let’s assume that the guide number 
chart on the bulb carton shows this number to be 
150 for Class A film at 1/100 second. 
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subject 


Filling in Shadows with Flash 


Divide the guide number by the daylight f/stop. 

For the example, this would be: 
150 + 16 = 9.3 

For the conditions of this example, then, you 
would use a flash-to-subject distance of about 914 
feet. Theoretically, placing the flash at this dis- 
tance should give balanced (1:1) lighting be- 
tween the sunlight and flash. However, the ratio 
is actually 1:4 because the flash loses 34 of its 
efficiency outdoors. If you should desire a 1:2 
ratio, reduce the computed lamp-to-subject dis- 
tance by 4%. For a 1:1 ratio reduce the distance 
by 4. 

How TO PLACE THE FLASH. Placing the flash at 
the proper angle from the subject is also impor- 
tant in synchro-sunlight photography. The ground 
angle between the two light sources should not 
exceed 60 degrees, otherwise there is a possibility 
of double or cross shadows. For most portraits, 
you should hold the flash at eye level to fill in 
eye shadows caused by the overhead sun. The 
illustration above shows the proper arrange- 
ment for outdoor portraiture. A slight overlap of 
the two sources, as shown, doesn’t affect the ex- 
posure in any manner. 

Under dull-light conditions or with a subject 
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back-lighted by the sun, use the flash as the main 
light source for synchro-sunlight photography. 
With dull lighting, hold the flash so that it simu- 
lates sunlight illumination and use the available 
daylight as a fill-in. For a back-lighted subject, 
the flash must cover the main portion of the sub- 
ject. Hold the flash at such an angle that small 
shadows are cast on the subject to aid in model- 
ing or showing depth and texture. Then the light 
from the sun will add highlights or edge lights 
to small areas of the subject and will illuminate 
the background. Where flash is the main source of 
illumination, compute the exposure from the lamp 
guide number. 


Precautions in Flash Photography 


Before shooting any flash picture, you should 
make the following checks to be sure your equip- 
ment is in good working order: 

Make certain that all electrical contacts are clean 
so that they will make good contact. Clean dirty 
contacts with fine emery cloth. 

Check all connections to see that they are tight 
so that the synchronizer will give positive action. 

Check the flash lamps for cracks, oxygen leak- 
age, and other imperfections. 


Make sure that the contacts on the flashlamp 
are clean. A good practice is to scratch the base 
contact on a rough surface. Don’t wet the. base 
of the lamp. Wetting the lamp doesn’t improve 
contact and it does cause corrosion of the battery 
case contacts. 

When making flash photographs under polar 
conditions, observe the following additional pre- 
cautions: 

Keep the lamps warm up to the time you use 
them. Cold bulbs may shatter when fired. 

Use a clear shield over the reflector to guard 
against flying glass whenever there is any possi- 
bility of injury to the subject. 

Keep an extra set of batteries in an inside poc- 
ket. Or strap the battery case to your body and 
pass the wires which connect it to the flashgun 
out through your sleeve. Batteries lose up to 60% 
of their efficiency when exposed to very low tem- 
peratures. 


Electronic Flash 


The electronic flash is designed to be used in 
place of the standard flash lamp. It has two im- 
portant advantages over the standard flash lamp. 
First, it provides a lightweight, portable flash 
source, capable of producing about 10,000 flashes 
before the tube must be replaced. Second, it has 
an extremely short flash duration (1/2000 second), 
which makes it possible to stop fast action. 

GUIDE NUMBERS FOR ELECTRONIC FLASH. As al- 
ready mentioned, the electronic flash has a set 
flash duration of 1/2000 second. This in effect 
gives a shutter speed of 1/2000 second; therefore, 
changing the shutter speed of the camera will 
not alter the guide number. In brightly lighted 
areas, however, shutter speeds must be fast enough 
to prevent overexposure from extraneous light. 

The guide number for electronic flash depends 
on three factors: the type and strength of the 
developer used, the length of developing time, 
and the class of film used. Depth of field must 
also be considered in the determination of a 
guide number. A relatively low guide number re- 
quires a larger f/stop, which provides less depth 
of field. Consider, for example, two guide num- 
bers with the same flash-to-subject distance, say 
I5 feet. With a guide number of 150, the re- 
quired f/stop is 150 + 15, or f/10. With a guide 
number of 450, the f/stop is 450 + 15, or f/32. In 
other words: 

Fast film, higher guide number, greater depth 
of field, increased development. 
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Slow film speed, lower guide number, less 
depth of field, decreased development. 

Because of the high blue content of the light 
from the electronic flash tube, daylight film speed 
filter factors must be used when filters are de- 
sired. 

SYNCHRONIZATION. The synchronization proced- 
ure described here and the operation procedure 
given in the next paragraph are for the Strobonar 
IJ, an electronic flash unit used in the Air Force. 

The Strobonar II provides for three kinds of 
synchronization — X contact synchronization, sole- 
noid synchronization, and solenoid X contact syn- 
chronization. A selector switch on the flash unit 
must be set to the type of synchronization being 
used. 

A Contact Synchronization. To operate the Stro- 
bonar flash unit on X contact (zero delay) syn- 
chronization, first set the synchro-selector switch to 
X contact position. Then connect the X contact 
cord, and plug it into the outlet marked SHUTTER 
on the back of the gun assembly. If you have diffi- 
culty in inserting the plug, reverse it, Next, connect 
the other end of the cord to the X contact outlet 
and the shutter. 





Correct X Contact Electrical Connection 


Make the connection at the shutter as shown 
above. Note that the cord passes under the shut- 
ter and lens. If you get the plug reversed, you 
will have to change the shutter ground switch on 
the side of the gun assembly to keep from getting 
a slight electric shock (not dangerous) between the 
camera body and the flash gun case. 
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Solenoid Synchronization. To operate the unit 
on solenoid synchronization, first set the synchro- 
selector switch to SOLENOID 15-25 MS_ position. 
Then connect the solenoid cord to the solenoid 
on the camera shutter and to the outlet marked 
TRIPPER on the flash gun assembly. Then set the 
MS delay selector knob at the proper position. 

.Solenoid X Contact Synchronization. Both cords 
are required for solenoid X contact operation. 
Connect the X contact cord as described under 
X contact synchronization. Connect the solenoid 
cord as described under solenoid synchronization. 
Set the synchronization selector switch to solenoid 
X contact synchronization. 

Synchronization check. To check the synchro- 
nization, place the lamp unit behind the camera 
with the ground glass back open. Set the dia- 
phragm to f/4.7 and release the shutter. If the 
shutter is wide open when the lamp fires, the 
shutter 1s in correct synchronization. When using 
the unit with solenoid synchronization, use the 
MS delay switch to get correct synchronization.. 

How TO OPERATE THE ELECTRONIC FLASH. The 
Strobonar unit can be operated on either 105 
to 125 volt, 50 to 60 cycle, alternating current or 
on the self-contained storage batteries in the unit. 

Operation on AC Line. Connect the flash unit 
to the AC line with the 20-foot extension cord. 
Plug one end into the unit inlet and the other 
into the proper current supply. Make sure that 
the flash-lamp plug is inserted, otherwise the unit 
will not operate. Then turn the operating switch 
to the on position. The green indicator lamp 
marked Line (on the panel) will light, showing 
that the unit 1s working from line voltage. 

Battery Operation. When the line cord 1s re- 
moved, the unit will automatically operate from 
the self-contained batteries. When you turn the 
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unit on the red panel lamp marked BATTERY will 
light. 

Charging the Batteries. Fully charged batteries 
should provide about 200 flashes before recharg- 
ing is necessary. If the unit is left turned on, it 
will run the batteries down in about six hours. 
Therefore it should be on only during the actual 
time necessary to take pictures. 

Battery condition is indicated by three colored 
charge indicators visible in the float channel of 
each battery. When all three indicators are float- 
ing, the battery is fully charged. When the green 
indicator sinks, the battery is 10% discharged. 
When the white indicator sinks, the battery is 
90% discharged. When the red indicator sinks, 
the battery ts fully discharged. 

To charge the batteries, connect the unit to the 
proper AC supply with the 20-foot extension cord 
and turn the operating switch to the CHARGE posi- 
tion. The amber panel lamp marked cHaRGE will 
light. When all three charge indicators float, turn 
off the operating switch and disconnect the line 
cord. Charging time will vary from three or four 
hours to twenty or thirty hours, depending on bat- 
tery condition. 

The Neon Indicator Lamp. A neon indicator 
lamp on the back of the flash gun gives an orange 
glow when the unit is ready to produce a flash. 
After the initial warm-up period each time the 
unit is turned on, it takes about 20 seconds be- 
tween flashes for the unit to store up enough en- 
ergy to produce a flash. 

How TO CARRY THE ELECTRONIC FLASH. Carry 
the unit in such a manner that it cannot slip off 
your shoulder. Carry it on the right side of your 
body with the strap over your left shoulder or vice 
versa. 





EXPOSURE 
Definition 
A photographic exposure is the subjection of a 
sensitized emulsion to light. The amount of ex- 
posure is governed by the intensity of the light 
and the time the light is allowed to act upon the 


sensitized material. Exposure, then, equals intens- 
ity multiplied by the time. 


Factors Governing Negative Exposure 


SHUTTER SPEED AND LENS APERTURE. The shut- 
ter is used to control the time the light is allowed 
to act upon the film. The lens aperture governs 
the intensity of the light allowed to act upon the 
film. In order to maintain the same exposure with 
a constant light source, a smaller lens aperture 
necessitates a slower shutter speed, while a larger 
lens aperture calls for higher shutter speed. 


INTENSITY AND COLOR OF THE LIGHT SOURCE. 
The farther the light travels from its source the 
weaker its intensity becomes. The exposure is also 
dependent upon the color of the illumination. For 
example, if the light source has a high red content, 
as in tungsten light, an emulsion highly sensitive 
to red would receive more exposure than one less 
sensitive to red. 


SPEED OF THE EMULSION AND DEVELOPMENT. To 
obtain proper exposure, it is necessary to know the 
the speed of the emulsion. Film speed is indi- 
cated by a numerical rating which has been de- 
termined by the manufacturer. A film speed of 
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exposure 
and filters 


100, for instance, means that the emulsion is twice 
as fast as an emulsion with a rating of 50. The 
most common system of rating film speed in this 
country is ASA (American Standards Associ- 
ation) rating. The Air Force uses an exposure in- 
dex number on their film packages which 1s 
similar to the A. S. A. ratings. The speed rat- 
ing of an emulsion is determined for a certain 
degree of development. Therefore, if the manu- 
facturer’s directions are not followed, the full 
advantage of the film’s inherent speed may not be 
utilized, resulting in a loss of film speed and, conse- 
quently, a weak image. | 


Calculating Exposure 


The most common methods of computing ex- 
posure are by exposure meters, exposure guides, 
and the key stop system. Exposure meters are of 
two general types: photoelectric and extinction. 
The photoelectric exposure meter is most general- 
ly used and is an instrument by which the in- 
tensity of the light may be accurately measured. 
The meter contains a photoelectric cell for meas- 
uring the intensity of the light. When light strikes 
this cell it generates an electrical current which 
is in direct proportion to the intensity of the light. 
This current is measured by a needle on a scale 
calibrated in light units. By setting the dial des- 
ignating the number of light units and setting 
the film speed rating, the exposure can be com- 
puted for the different f/stops. Before using the 
meter, the light value indicator should be checked 
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Fig.72. GE Exposure Meter 


Fig. 73. DeJur Exposure Meter 
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to see that it points to zero when the photocell 
unit is covered. If it does not, adjustment can be 
made by means of the small slide or set screw. 
After the meter has been zeroed, the next step 
is to take a light reading. The method in which 
this is done is basically the same for’the ce, De- 
Jur, and Weston meters. 


THE GE METER. There are two methods of de- 
termining light values with the Ge meter — by a 
reading of the intensity of reflected light (light 
reflected from the subject) and by a reading 
of the intensity of incident light (light falling on 
the subject). The angle of light entering the me- 
ter in the vertical direction is narrow to exclude 
sky or ground glare. The light units indicated by 
the pointer represent illumination available for 
producing an image on the film. In taking re- 
flected light readings of general scenes, the meter 
should be tipped slightly downward as it is point- 
ed toward the subject to be photographed. This 
minimizes the effect of sky brightness. In taking 
specific readings, the meter should be near enough 
to the subject to indicate the average reflected 
light. The distance recommended is_ usually 
equal to the width of the subject. For dull 
to medium light conditions, the hinged cover is 
open; in bright light, it should be closed. When 
the intensity of the light is very low, the direc- 
tional hood of the meter should be removed and 
a reading taken of the incident light. This is done 
by holding: the meter at the subject and pointing 
it toward the camera. Exposure calculations are 
then made, using the HOOD OFF arrow on the 
meter. After the reading has been obtained, the 
lens aperture and shutter speed must be deter- 
mined. This is done by manipulating the calcula- 
tor attached to the hood. The stationary section 
of the calculator is marked in f/stops and light 
values. The inner, movable dial is marked in 
terms of shutter speed. The outer movable dial 
carries the film speed scale and the COVER CLOSED, 
COVER OPEN, and HOOD OFF arrows. By setting the 
light reading and film speed, the f/stops and shut- 
ter speeds are coincided. 


THE DEJUR METER. This meter has an accept- 
ance angle of approximately 60° in the horizon- 
tal plane and 30° in the vertical plane. The scale 
is in terms of foot candles, and a wide pointer, 
range makes only one scale necessary. The light 
reading is set opposite the film speed so that the 
shutter speeds and aperture settings will coincide. 
In taking a reading of a general scene, the DeJur 





meter should also be tipped downward slightly 
to eliminate the effect of sky brightness. 

THE WESTON METER. Some models of this meter 
have arrows to indicate the compensation for va- 
riations in scene contrast. Normal scene readings 
are obtained by using the normal arrow. Adjacent 
to the normal arrow is the A position for flat 
scenes or where exposure compensation for shad- 
ow detail is not necessary. On the other side of 
normal arrow is the C position, which is used 
when the scene has above normal contrast. In 
dim light indoors, a reading may be taken from 
a white card or handkerchief and, by setting the 
dial in the C position, exposure compensation will 
automatically be made. An additional feature of 
this meter is that a ready reference to the aver- 
age film latitude is indicated by the letter U, 
which is placed opposite the light value 1, and the 
letter O, which is placed opposite the light value 
130. Any light reading falling within this range 
will produce a sufficient density on the negative. 
For a scene with a wide brightness range, it is 
best to take a reading on the brightest highlight 
and another on the deepest shadow, and then bal- 
ance the U and O positions as near these ex- 
tremes as possible. 

THE VISUAL EXTINCTION METER. The visual ex- 
tinction meter operates on the principle of light 
transmission through a numbered or lettered disk 
enclosed in the body of the meter. The meter is 
held at the operator’s eye and pointed toward the 
average light of the subject. The numbers or let- 
ters appear in graduated stages of illumination. 
The last number visible indicates the light value. 
After the light value number has been deter- 
mined, the exposure time is computed by means 
of a mechanical scale on the meter. 

EXPOSURE GUIDES. Exposure guides generally 
consist of exposure tables based on the general 
illumination, the reflective ability of the subject 
or view, and the type of film used. While these 
tables do not actually measure light values, ex- 
posures of sufficient accuracy may be readily de- 
termined. Some exposure guides have a movable 
part which is adjusted for different types of sub- 
jects under varying light conditions. The outdoor 
guides are divided into light conditions, such as 
bright sun, hazy sun, cloudy-bright, and dull. The 
part of the guide referring to the subject is also 
divided into four classifications: brilliant, bright, 
average, and shaded. By connecting the movable 
section of the guide — the section indicating the 
light condition — with the type of subject to be 
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photographed,‘the shutter speeds and correspond- 
ing lens apertures are automatically indicated. 
The guides for use with artificial light are usually 
based on the film speed, the light output, and 
the distance of the lamps from the subject. 

THE KEY STOP SYSTEM. The key stop method of 
calculating exposure is actually a means of em- 
ploying the camera as a visual extinction meter. 
It provides a method for calculating exposure 
when other means are not available. The accu- 
racy of results obtained by the key stop method 
is largely dependent on the sensitivity of the 
photographer’s eyes. By practice, the correct ex- 
posure can be determined accurately. In the cal- 
culation of exposure, first the scene must be 
viewed from the camera position to form a visual 
impression of the general brightness. Next, using 
the focusing cloth to exclude all extraneous light, 
the image is viewed on the ground glass for about 
ten seconds. The diaphragm is then stopped down 
until the image brightness appears equal to the 
brightness of the scene. The point at which the 
diaphragm indicator rests is the key stop. The en- 
tire operation must be performed within a time 
limit of 20 to 30 seconds; otherwise the negative 
will be incorrectly exposed. The shutter speed at 
the key stop is the reciprocal of the A. s. A. 
film speed rating. For example, a film speed of 24 
daylight a. s. a. would indicate a shutter speed 
of 1/24 second at the key stop. Using the expo- 
sure at the key stop for a basis, exposure at any 
desired stop may be determined. 

For outdoor close-ups and interior shots, a neu- 
tral-toned object, rather than the general bright- 
ness of the scene, is used to determine the key 
stop. A neutral-toned object is placed on or near 
the subject in such a manner that it will contain 
a halftone area. Focus the camera accurately on the 
halftone area. The eyes are then allowed about 
one minute to again become adjusted to the gen- 
eral light condition. Then drape the focusing cloth 
to exclude all extraneous light from the ground 
glass and stop down the lens until the detail in 
the halftone just disappears. Immediately open 
the diaphragm until this detail just reappears. The 
point at which the diaphragm indicator now rests 
is the key stop. The exposure is then computed 
according to the aperture required. Allowance 
must also be made to insure proper detail in 
shadow areas, which may vary between one and 
ten times the key stop finding. The shadow value 
can be determined as foilows: Focus the camera 
on the deepest shadow area with the lens at full 
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aperture. Then set the lens aperture at the pre- 
viously determined key stop. Drape the focusing 
cloth as before and open the diaphragm until the 
shadow detail is plainly visible on the ground 
glass. This point indicates the shadow value. For 
example, the original key stop is f/16. The stop 
at which the shadow detail is seen in f{/8. This 
means that the original key stop exposure must 
be increased 4 times to photograph the subject 
in such a manner that the shadow detail will be 
fully recorded in the negative. 

The exposure time at the key stop represents 
the correct exposure only for the bellows exten- 
sion used. A change in bellows extension will ne- 
cessitate a correction in exposure. 


FILTERS 


A filter is a medium used to regulate the color 
or the intensity of the light. The color of the filter 
determines the color of the light passing to the 
film, but in the case of a colorless or neutral- 
density filter, only the intensity of the light is 
regulated. 

Filters are of three types: Type I (dyed gela- 
tin sheets), Type II (dyed gelatin cemented be- 
tween glass), and Type III (dyed glass). Type I 
filters are easily damaged and should be used be- 
tween the lens elements when practical. They are 
comparatively inexpensive and are supplied in 
sheets that can be cut to any desired size. Type 
II filters are made in either grade A or B glass. 
The grade denotes the optical quality. Grade A 
glass is optically flat and its surfaces are parallel. 
Grade B glass is good quality glass but not de- 
signed for exacting work, especially with lenses 
of 10-inch focal length or longer. Type III filters 
are the most permanent and are also of high 
quality, but cannot be obtained in as many colors 
as may be desired. Any glass filter, when used 
in back of the lens, will displace the focal plane 
backwards approximately 14 the thickness of the 
glass. When used in front of the lens, this dis- 
placement is generally negligible, and only in very 
exacting work would the change be important. 
In such cases compensation should be made by 
focusing with the filter in place. 

A colored filter transmits its own color and ab- 
sorbs all or part of the other colors. In order to 
fully understand the transmission and absorption 
power of filters, it is first necessary to examine 
the color of light. White light, we have learned, 
is composed of three primary colors — blue, green, 
and red. A filter of a primary color will transmit 
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its own color and absorb the other two. A red 
filter, for example, looks red because it transmits 
red and absorbs blue and green. A secondary col- 
or is a mixture of two primary colors. Yellow, 
for example, is a combination of red and green. 
Because a filter passes its own color and absorbs 
others, vellow transmits red and green and ab- 
sorbs blue. Magenta transmits red and blue and 
absorbs green. Cyan transmits blue and green and 
absorbs red. Fig. 74 lists the primary and second- 
ary colors. 


RED 


MAGENTA \/ J 


YELLOW 


/\ GREEN 
CYAN 


Fig. 74. Primary and Secondary Colors 


BLUE 


A color is said to be complementary to another 
color when a combination of the two will produce 
white light. Yellow is complementary to blue be- 
cause yellow, which is red and green, added to 
blue makes white light. The absorption powers of 
a filter depend upon the purity of its color. A 
light yellow filter, for example, will only absorb 
part of the blue, whereas a pure yellow filter will 
absorb all of the blue. A filter can be used only 
with films which are sensitive to the color trans- 
mitted. For example, a true-color, red filter could 
not be used with ortho film. Panchromatic film is 
the only film practical for use with filters, being 
sensitive to all colors. 

Since filters absorb light, more exposure must 
be given. The number of times that the exposure 
must ‘be increased to compensate for the absorp- 
tion of light by the filter is called the filter factor. 
This factor is dependent upon the color of the 
filter, the color sensitivity of the film, and the 
color of the light source. With a panchromatic 
film, for example, the filter factor for a red filter 
is less in tungsten light than in daylight, because 
tungsten light has a high red content. Filter fac- 
tors are designated numerically, a factor of 1 in- 
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dicating no change from the original exposure. 
There are three generally used methods of cal- 
culating exposure when using a filter. 

The shutter speed may be multiplied by the 
filter factor. For instance, a shutter speed of 1/50 
when multiplied by a factor of 2 would give 
1/25 as the new shutter speed. 

Every time the factor is doubled, the dia- 
phragm may be opened up | stop. Thus a factor 
of 2 calls for 1 stop, a factor of 4 for 2 stops, and 
a factor of 8 for 3 stops. 

When using an exposure meter, the filter fac- 
tor can be divided into the film speed and the 
result used as the new film speed. For example, 
if the film speed were 100 and the filter factor 2, 
the new film speed would be 50. 

Though panchromatic films are sensitive to all 
visible colors, they do not, by themselves, repro- 
duce colors in relative shades of gray as the eye 
sees them. For instance, blue appears quite dark 
to the eye but film, being very sensitive to blue, 
will reproduce it as light in the final print. By 
using the proper filter, however, the response of 
the film can be changed to reproduce colors in 
their relative brightness as seen by the eye. The 
reproduction of color brightness in relative shades 
of gray is called orthochromatic rendition. The 
filters used to achieve orthochromatic rendition 
are called corrective filters. The following chart 
is a list of recommended corrective filters for the 
particular film and light source. 


CORRECTIVE FILTERS 


Tungsten 
X-1 (Green) 


Type B Pan | K-2 (Yellow) 
Type C Pan | X-1 (Green) 





Filters used for exaggeration or elimination of 
a color or colors are called contrast filters. A list 
of Air Force filters and their factors is given at 
the end of this chapter. 

Atmospheric haze is caused by light that is scat- 
tered by fine particles of dust and water vapor 
and, to some extent, by the air itself. Most of the 
scattering is of ultra-violet and blue light. Because 
of this, atmospheric haze is predominantly ultra- 
violet and blue. A filter that absorbs these colors 
is used to minimize or eliminate the effect of haze 
and thus produce a clearer picture. When using 
filters, it must be remembered that the absorbed 
color will appear dark on the print. 
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Polarizing Filters 


A ray of light vibrates in all possible direction: 
at right angles to its direction of travel. It 1: 
possible, by using a polarizing filter, to restrict 
vibrations to one plane. This is called polariza- 
tion. For example, if a slit were cut in a piece of 
cardboard and a string stretched through the slit. 
the string would vibrate only in the direction of 
the slit. As the card is rotated, the vibration 
plane rotates with the slit. This is the principle 
of the polaroid filter or screen. If a second pola- 
screen is placed behind the first screen, it would 
pass the polarized ray of light, providing the pola- 
rizing planes of the two screens are parallel. If 
one screen is rotated from this parallel position, 
the light intensity is cut down until, at right an- 
gles, practically no light is transmitted. Ordinary 
light, specularly reflected from a nonmetallic sur- 
face at an angle of 32 to 37 degrees, is polarized 
in such a manner that the light rays vibrate only 
in a direction parallel to the reflecting surface. 
This reflected light is said to be plane polarized 
and is seen as a glare (Fig. 75). 





Fig. 75. Light Polarized by Reflection 


If a pola-screen is placed so that it intercept: 
the light ray and 1s sufficiently rotated, it wil 
minimize or eliminate the reflection by stopping 
the plane polarized light. There is some polariz. 
ing effect at angles other than 32 to 37 degrees 
but none at 0 degree and 90 degrees. Light from 
a clear blue sky arriving at right angles to the 
sun’s rays is also strongly polarized. By the use 
of a single pola-screen at the lens and by placing the 
camera axis at right angles to the sun's rays, 1 
is possible to obtain a darkened sky effect. 
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Use of Pola-Screens over Light and Lens 


Reflections from metallic surfaces may be mini- 
mized by using a pola-screen over the light source 
and the camera lens. The subject is then illumi- 
nated with plane polarized light. The use of a 
second pola-screen over the lens, when sufficient- 


ly rotated, will minimize or eliminate most of the 
specular reflections, allowing only the diffused light 
to pass through. In this manner, detail in the sub- 
ject can be better recorded. 

Pola-screens are available in neutral density or 
color. The filter factor ranges from 2 to 60, de- 
pending upon the position of the screens. 


FILTERS AND FILTER FACTORS 


6 


K-1 Light Yellow 


K-2 Yellow 

X-1 Light Green 
Minus 

Blue Yellow 

X-2 Green 

G Deep Yellow 
A Red 

B Green 

C-5 Blue 

F Deep Red 
C-4 Blue 


PAN B FACTOR 
Daylight 





PAN C FACTOR 
Daylight 


Tungsten Tungsten 


1.5 
1.5 





SELECTION OF FILTERS 


SUGGESTED FILTERS 


Architecture — Light-colored K-2 
buildings against blue sky Greater contrast between build- 
ing and sky G 
Dark sky A 
Red brick buildings Lighting of tone to show texture G 


Lettering on airplanes, etc. 


Dark-colored objects 


Furniture (red woods) 


Leather, wallpaper, etc. 


Contrast to increase legibility 


To lighten tone 


To show grain 


Natural condition 


Absorbing filter 


Filter similar in color 
to material 


A 


Correction filter 


| 





CORRECTIVE PHOTOGRAPHY 


In photography, objects of three dimensions are 
recorded on one plane. The art of representing 
natural objects in relation to each other on one 
plane is called perspective. The objective in pho- 
tography is to record these planes as pleasingly as 
possible. An important consideration in photogra- 
phy is the viewpoint or placement of the camera. 
By the intelligent use of the camera it is possible 
to control perspective. Perspective is governed by 
the viewpoint and the distance from the subject 
to the lens and can be controlled by corrective 
adjustments, such as the vertical and horizontal 
swings of the camera. These adjustments or cor- 
rections change the relative distances between the 
lens and areas of the image, and thus affect the 
perspective. Figure 76, 77, and 78 illustrate how 
horizontal perspective from the same point of 
view with the same lens can be changed or modi- 
fied by using the horizontal swing of the camera 
back. 

If the camera axis is at an angle to the hori- 
zontal lines, these lines have the appearance of 
excessive convergence. To correct for this distort- 
cd perspective, the camera back is swung horizon- 
tally to a position more nearly parallel to the hori- 
zontal lines of the subject. Vertical perspective is 
controlled in much the same way by the vertical 
swing. When the vertical and horizontal swings 
are used to correct for distorted perspective, the 
depth of focus must be increased or adjusted to 
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corrective 
photography 
and composition 





Horizontal swing in ao neutral position 


1959 





Horizontal swing more nearly parallel 
to the long side of the building 





Horizontal swing more nearly parallel 
to the short side of the building 


Fig. 76, 77, 78. Control of Perspective 
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Fig. 79. Use of the Swing Front 


keep all parts of the image in sharp focus. The 
swing front is used to control the plane of focus 
by swinging or tilting it toward a plane parallel 
to the back of the camera (Fig. 79). This is done 
to bring as much of the subject image into focus 
as possible before stopping down the lens. If the 
camera is not equipped with a swing front, it will 
be necessary to stop down the lens to obtain sufh- 
cient depth of focus and depth of field. By using the 
swing front and then stopping down only enough 
to give sharp definition, faster shutter speeds may 
be used. 

The lateral shift and rising-falling front are 
used to control placement of the image. This ad- 


BE I TET LT 
Distorted . 





justment should be used to minimize the tilting 
of the camera, which results in distorted perspec- 
tive. Figures 80 and 81 show the distortion of 
vertical and horizontal lines and the same lines 
with correction. 

By the use of the back swings, it is also possible 
to secure an apparently greater depth of field; 
however, this requires that the back be swung in 
a direction opposite to that used for correction 
of perspective. Thus, this adjustment results in a 
distortion of perspective that is undesirable in 
most cases. The primary purpose in making this 
adjustment is to obtain image sharpness, at some 
sacrifice to distortion. 


Fig. 80. Correction of Distortion 
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Fig. 81. Correction of Distorted Perspective 


COMPOSITION 


The proper placement of the subject in the 
viewfinder or on the ground glass of the camera 
is one of the most important operations in taking 
a photograph. When possible, the cameraman 
should select and arrange the subject material, 
choosing a viewpoint and light conditions that 
will show the subject to best advantage. The ob- 
jective is to arrange the image on the ground 
glass so that the subject is clearly and unmistak- 
ably portrayed. It should be possible for anyone 
viewing the photograph to understand why it was 
made and exactly what it illustrates. Composition 
of a photograph is something the photographer 
must learn and be able to recognize. No definite 
rules can be followed to insure good composition 
but there are principles — such as simplicity, 
point of interest, and balance — that should be 
used as guides when composing a photograph. 

SIMPLicITy. The purpose and interest of a pic- 
ture should be readily recognized and not con- 
fused by a mass of surrounding objects and lines 
that compete with or detract from the subject. 

POINT OF INTEREST. Every photograph should 
have a definite object of interest, which is sup- 
ported by the rest of the picture. There are no 
hard and fast rules as to its location; however, 
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for general purposes, it is well to avoid placing 
the point of interest in the geometric center of 
the picture. The actual location of the point of 
interest should be the position at which it can be 
best introduced and led up to. The point of in- 
terest should be emphasized or supported either 
by leading lines or by objects in the picture that 
suggest direction toward it. Photographs having 
pleasing composition may be made of subjects in 
which some design or pattern is portrayed. Such 
pictures are dependent upon the whole patterr 
for their effectiveness, and, therefore, a specific 
point of interest is not necessary. 

BaLANcE. A balanced composition is one ir 
which the positions of various features in a photo. 
graph give harmony to the whole setting. It is not 
equality in placement of mass — often confusec 
with balance. For example, the place in a picture 
where a dramatic incident occurs has a definite 
weight —- this must be taken into account in bal. 
ancing the composition. There are two primary 
divisions of balance — the balance of objects with 
the same shape and weight, which is usually life. 
Iess and should be avoided unless a certain effect 
is desired (Fig. 82) and the balance of unlike 
shapes and weights, which is preferable. If 
viewed upside down, disregarding subject matter. 
the latter will still maintain good balance (Fig. 
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Fig. 83. Balance of Unlike Shapes and Weights 


83). Both of these types can be subdivided into 
three elements — masses, lines, and depth. 

The balancing of equal or unequal tonal areas 
or masses can be simplified by dividing the pic- 
ture area into thirds and balancing it by placing 
objects in opposite thirds as shown in Fig. 84. 
Triangular or pyramid types of balance, often 
used by photographers and artists, are very ef- 
fective (Fig. 85). 

A leading line may be anything that directs 
the eye to the point of interest of the picture. 
For instance, a row of trees, a winding road, and 
even an area of light or shade may all be classi- 
fied as leading or supporting lines (Fig. 86). 

Depth may be achieved. by the placement of 
objects in the foreground and background or by 
selecting a camera viewpoint that will create an 





Fig. 85. Balancing of Masses 
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Fig. 86. Leading Lines 


illusion of distance (Fig. 87). This illusion is 
sometimes enhanced by exaggerating the perspec- 
tive or by emphasizing texture with the use of 
strong sidelighting. Having the subject in sharp 
focus and the background out of focus tends to 
create the feeling of depth. Another method is 
the use of illumination to the rear of the subject. 


Factors of Good Composition 


Size of image must conform to picture space. 
For example, consider a photograph of a tree 
with no other subject matter except earth and 
sky, with the tree filling only one-fourth of the 
picture area. It can be readily visualized that the 
tree should be much larger in the picture. If, on 
the other hand, the camera were too close, the 
tree might be incomplete. The bottom of the pic- 
ture might not show the connection of the trunk 
to the ground, in which case support would be 
lacking; or the top might be cut off, giving no 
idea as to its height (Fig. 88). 

CAMERA ANGLE. Figure 89 illustrates the im- 
proper and proper choice of camera angle. The 
horizontal lines in Fig. 89A divide the picture 
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Fig. 87. Depth 


evenly, resulting in an uninteresting and _ lifeless 


photograph. In Fig. 89B, the lines are arranged 
to cause a greater feeling of depth and move- 
ment, making it much more pleasing to the eye. 


FOREGROUND. In most cases, the foreground 
should be in good focus and of sufficient depth 
to furnish support for the subject (Fig. 90A and 
90B) ; however, no object in the foreground should 
ever detract from the center of interest. As a rule, 
the foreground contains the leading line — the 
line which leads the eye into the picture and to- 
ward the point of interest. Consequently, a fuzzy, 
out-of-focus foreground irritates the senses and 
detracts from the picture. In action photography 
it is sometimes impossible to prevent out-of-focus 
foregrounds, due to the necessity for using a larg- 
er lens aperture when shooting at higher shutter 
speeds. “Panning” the camera, as is often done, 
also gives a blurred foreground and background. 
In such cases an out-of-focus foreground is ac- 
ceptable. 

BACKGROUND. A very important element in com- 
position, whether indoors or out, 1s the back- 
ground. It is too often overlooked when shooting 
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B — Proper Placement of Camera 


Fig. 89. Effect of Camera Angle 
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A — Foreground of 
Proper Depth 
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Fig. 90. Selection of Foreground 
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Fig. 91. Distracting Background 


the picture; but, when the finished print is 
viewed, it is realized that the background should 
have been taken into consideration. For example, 
a full length shot of a person is taken with a palm 
tree in the background. As the human eye sees 
the scene, the space behind the subject, including 
the tree, is subordinate. Consequently, it does not 
register on the senses because of the ability of 
the human eye and mind to subordinate all but 
the center of interest. Yet the camera records 
what it sees on one plane only; therefore, if the 
subject and background are both in focus, there 
is the illusion that the palm tree is growing out 
of the person’s head. 

Backgrounds can be retained to improve the 





picture but their prominence should be mini- 
mized. As an example, assume that a subject is 
posed on a beach with the surf breaking over the 
rocks in the background. Rather than lose the 
locale of the surroundings, the background could 
be put slightly out of focus. Thus the distract- 
ing, though important, surf and rocks are mini- 
mized in their attention and appeal value. A 
background containing prominent vertical or hori- 
zontal lines will detract from the subject interest if 
it is in the same plane of sharp focus. 

The individual points to consider in compos- 
ing a picture are: 

Compose the picture to fit the desired area. 

Never have the horizon divide the picture 
equally. 

When possible, foregrounds should be in sharp 


focus. 


Distracting backgrounds should be minimized 
or eliminated. 


Lighting is directly connected with composition. 
Through lighting, it 1s quite possible to subdue 
minor elements or distracting influences and al- 
low the main point of interest to gain prominence. 
To the photographer, then, composition is the se- 
lection of subject material, the choice of view- 
point, and, whenever possible, the control of light- 
ing for the desired effect. 


Air Force Composition 


While the general principles of composition 
given in the preceding paragraphs can be applied 
to all types of subjects, there are certain customs, 
peculiar to the Air Force, that are applicable 
when specific subjects are photographed. These 
specific subjects include buildings, mechanized 
equipment, airplanes, military groups, portraiture 
and identification photographs, and engineering 
photographs. The photographing of these subjects 
is covered in the next chapter. 





EXTERIOR SUBJECTS 


Exterior subjects include landscapes, buildings, 
mechanized equipment, airplanes, and group pho- 
tographs. 


Landscapes 


Because lighting and actual subject placement 
cannot be controlled in landscape photography, 
composition is governed by the placement of the 
camera. A viewpoint must be chosen that will 
satisfy the desired compositional requirements. By 
correct camera distance and focal length of lens, 
all but the desired scene may be excluded. 


Buildings 

In photographing a building, show the size and 
proportion to best advantage. A viewpoint should 
be selected that will show the front, just enough 
of one side to indicate depth, plus sufficient fore- 
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photography of 
specific subjects 


ground to furnish support for the building. Do not 
select a viewpoint such that the corner of the 
building will equally divide the picture or one 
where some object obstructs the entrance. A too 
deep foreground will give the building an elevat- 
ed appearance., Cross-lighting usually shows the 
architecture of the building to the greatest ad- 
vantage. For control of perspective by the use of 
camera adjustments, refer to Chapter 8 on correc- 
tive photography. 


Mechanized Equipment 


Mechanized equipment, such as tanks, automo- 
biles, and trucks, should be photographed from an 
angle which gives more prominence to the side 
than to the front. The viewpoint should be se- 
lected to show only enough front to indicate 
width and important features. A waist-level or 
lower-angle viewpoint gives the best perspective 
and shows the machine to its best advantage. 
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Front lighting is usually preferred, with a plain 
or out-of-focus background. Doors and windows 
should be closed and the appearance in general 
should be as neat and trim as possible. The sub- 
ject should appear as entering the photograph; 
for example, the rear of a machine should be 
nearer the margin of the photograph than the 
front. 


Airplanes 

Particular attention should be given to the 
background; an unrelated one will destroy the 
purpose of a good airplane photograph. Usually 
the sky or even a hangar — anything related to 
aviation — should form a large portion of the 
background. In some instances, the preceding 
principle cannot be applied because, for most Air 
Force requirements, pictorial quality must be sub- 
ordinated to the main purpose of documentation. 
The viewpoint should be to the front and enough 
to one side to show some of the fuselage; a low 
angle is generally preferable. Because airplane 
backgrounds generally contain a large amount of 
sky, it 1s usually desirable to use filters to pre- 
serve cloud effects or darken the sky. For uni- 
formity in photographing three-bladed propellers, 
have one blade pointing directly to the ground. 
Two-bladed propellers should be placed horizon- 
tally. 


Groups 


Military personnel may be photographed in 
either formal or informal groups. For formal 
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groups the senior officer or distinguished person 
should be placed in the center, with other officers 
or personnel placed to right and left in order of 
rank. However, when a group of the same rank 
or grade is being photographed, the persons may 
be arranged according to height, with the tallest 
in the center. When the group is large, it should 
be divided into rows placed at different levels. 
The spacing of personnel in individual rows 
should be such that the faces of those in the rear 
will not be shaded or obscured. It is essential 
that position of headdress, legs, feet, and hands 
be uniform. If it is not possible to arrange per- 
sonnel in rows at different levels, the camera 
should be raised to a higher level and more space 
left between the different rows. Alternate or odd 
rows of men should uncover to the right or left. 

If at all possible, any group should be located 
in the shade. If shade is not available, the group 
should be placed so that it does not face direct 





sunlight. If the camera faces the sunlight at any 
angle, the lens should be shaded. It is important 
in this work to focus with lens at full aperture 
on a point approximately 2/5 of the distance in- 
to the depth of the group. At the moment of ex- 
posure the attention of all persons should be di- 
rected to some point indicated by the photog- 
rapher, which, in formal groups, is usually the 
camera. An informal group is not arranged or 
posed in any particular order. It is best to use 
a hand-held camera to facilitate changing the 
viewpoint quickly to the most advantageous posi- 
tion. Personnel composing an informal group 
should be occupied in some manner and not look- 
ing at the camera. 


CRASH AND ACCIDENT PHOTOGRAPHS 


Air Force regulations require that all accidents 
and crashes be investigated and a report of the 
investigation be sent to higher headquarters. In 


most cases these accident reports should be ac- 
companied by photographs to aid in determining 
the cause of the accident and in preserving the 
evidence. For this reason it 1s necessary to secure 
the best possible photographs showing the maxi- 
mum amount of information concerning the crash 
or accident. 


Aircraft Accidents 


The term aircraft accident refers to any acci- 
dent involving an aircraft, either on the ground 
or in the air, which is not directly due to enemy 
action. The photographs taken of any accident 
should show the extent of the damage before the 
wreckage is disturbed. In order to cover such an 
assignment thoroughly, the following views must 
be included: 

One general view of the crashed airplane, show- 
ing the identification and insignia if at all pos- 
sible, supplemented by three or four shots from 
other positions. If the wreckage is spread over 
a large area, a shot from the air is desirable. 

Several close-up photographs showing damages 
confined to small areas and several overlapping 
shots if the damaged area is very large. Also, pho- 
tographs of any parts, such as landing gears and 
propellers, that might have caused the accident. 

Photographs of any marks, left by the aircraft 
after striking the ground, that might materially 
assist in determining the cause of the accident. 

The area surrounding the crash, including any 
other objects nearby, to show the approach of 
the aircraft. 

The instrument panel, if possible. 

Any damage to surrounding property which 
might result in a claim against the government. 

In no case should fatalities be photographed. 


Ground Accidents 


A ground accident may be defined as any acci- 
dent which involves a government vehicle or any 
accident in which government property is in- 
volved. In covering such accidents, the photog- 
rapher should include the following shots: 

General views showing terrain, road conditions, 
visibility, point of contact, skid marks (if any), 
and width of street. 

Detailed pictures of any damage that might re- 
sult in claims against the government. 

Close-ups of damage, especially those parts 
which might show the probable cause of the ac- 
cident. 
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The accident report accompanying the photo- 
graphs should contain the following information: 

Aircraft serial number or vehicle license num- 
ber. 

Make and model of aircraft or vehicle. 

Date and time of accident. 

Place of accident. 

Weather conditions. 

Remember that an Air Force photographer can- 
not release pictures for general publication to 
anyone without permission of the public informa- 
tion office. Keep in mind, also, that regulations pro- 
hibit the release of copies of official papers, in- 
cluding photographs, or information that can be 
used as the basis of a claim against the United 
States Government. 

Because many crashes occur under poor wea- 
ther and light conditions, a photographer should 
be prepared to make his shots under such condi- 
tions. The following precautions are listed to help 
get satisfactory photographs: 
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Fire. If at all possible, wait until after the fire 
is put out before trying any close-ups. The fire 
makes it difficult to show detail, even though that 
particular section may not be on fire, However, 
take some general views of the fire if possible. 

Poor LIGHT CONDITIONS. If light conditions are 
poor — they probably will be — the photographer 
will have to furnish his own light source. Flash 
bulbs are the most practical. Tripod operation is 
often advisable in order to permit placement of 
the reflector to secure the best possible lighting. 
It may be best to use several flashes for one shot. 

GASOLINE vapors. If gasoline vapors are present 
in a confined area, it is advisable not to use flash 
bulbs because of the danger of causing a fire or 
explosion if they shatter. Any available light 
source, such as automobile lights, crash truck 
lights, or any sort of floodlights, may be substi- 
tuted. 

CoLp WEATHER. Special precautions should be 
taken against water vapor condensing on the lens 
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when going from cold areas to warm areas or 
vice versa. If condensation does form, remove the 
lens board and wipe off the moisture. 

RAIN, SNOW, AND SLEET. Be extremely careful 
under these conditions. Any snow or moisture on 
the lens will cause the image to be soft or blurred. 
Keep the lens hood on; if this doesn’t protect the 
lens sufficiently, keep the lens under cover until 
it is to be used. 


CAUTION 


When an aircraft is burning, there is great 
danger of live ammunition or gasoline ex- 
ploding. The photographer must wait un- 
til the crash crew gives the OK before 
proceeding. 


When taking crash and accident photographs, 
get as much information into each shot as pos- 
sible. Accident pictures may be used to make im- 
portant decisions. They will also be filed for fur- 
ther technical information. 








MOVING OBJECTS 


The primary consideration in making action 
photographs is either to “stop” the action or to 
give the impression of motion and yet retain suf- 
ficient detail in the object. The following are some 
of the factors to consider in making action photo- 
graphs: 

The speed of the object. 

The angle and direction in relation to the 
camera. 

The distance from the object to the camera. 

The lighting conditions. 

In some action photographs, the shutter speed 
should be calculated so as to retain a slight de- 
gree of motion. For instance, a blurring of the 
wheels of an automobile traveling at a high rate 
of speed distinguishes it from an automobile that 
is standing still. When it is necessary to prevent 
blur or lack of definition in the image, the shut- 
ter speed must be fast enough that the move- 
ment of the object during exposure will not be 


apparent. In considering the speed of the object, 
both the ground distance traveled and any move- 
ment within the object itself should be included. 
It is advisable to calculate the exposure for the 
most rapid movement and make allowance for 
the degree of movement to be retained. In some 
cases, there is a definite “peak” to the movement 
and the action may be “stopped” at comparative- 
ly slow shutter speeds if the exposure is made 
at the proper time. One example of this is an ob- 
ject thrown into the air. At one point the object 
has just lost its upward motion and 1s poised there 
before it starts to fall. 

The direction of the motion, in relation to the 
axis of the camera, also affects the permissible 
exposure time. A subject moving directly across 


‘the field of view would require a faster shutter 


speed than one coming toward or going away 
from the camera. When the direction of motion 
is at an angle of 90° to the camera, a faster shut- 
ter speed is necessary than when the motion ts 
at 45° to the camera. To stop motion it may some- 
times be necessary to increase the subject distance 
and obtain the desired image size by enlarging. 

A table of approximate shutter speeds adapt- 
able to various types of subjects is shown on the 
next page. 

When taking action pictures, it is necessary to 
use high speed film to allow sufficient exposure 
with high shutter speeds. The focal plane shutter 
on the 4 x 5 camera has shutter speeds up to 
1/1000 of a second. This shutter is especially suit- 
ed for action photography. In making action pho- 
tographs, the camera position and point of focus 
must be determined in advance. The camera dis- 
tance is governed by the composition desired and, 
to some extent, by the depth of field desired. 
The point of focus, where the action is to be 
photographed, is selected and focused upon. This 
is called prefocusing. If there is not time to pre- 
focus, the distance may be judged and the ver- 
nier scale set for that distance. To compute the 
exposure, first take a reading with the exposure 
meter on an object similar to the subject, then, 
from the chart, determine the shutter speed to 
“stop” the action. 

To assist in following the action, the camera 
may be “panned.” The approaching subject is fol- 
lowed in the wire frame and peep sight until it 
reaches the pre-focused area and then the shutter 
is tripped. Accuracy in tripping the shutter at the 
right instant is important and can be obtained only 
by constant practice. 
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PROPER SHUTTER SPEEDS 











TABLE OF 
SHUTTER SPEEDS TO RECORD 
SUBJECTS IN MOTION 


Motion Motion at Motion at 
Toward or about Right. Angles 
Away from 45° Angle to the 
the Camera to Camera Camera 








Approx Distance 



















Subjects in Speed of of 
Subj in Subject 
Miles from a4 
Per Hour Camera ory 











Beyond 
25 feet 1/50 to 1/100 


Landscapes, 
including slowly 
moving water 


Pedestrians & slow- 10 feet 1/500 

moving animals 25 feet 1/400 
50 feet 1/200 

Construction work & 100 feet 1/100 

street traffic 

Boating and troop 

movements 





Athletics, baseball 
& yacht races 


1/1000 1/1000 
25 feet 1/500 1/1000 
50 feet 1/250 1/400 
Horse racing and 100 feet 1/125 1/200 


motor boats 


Surf, diving & views 
from trains 





Auto races, motor- 10 feet 1/1000 1/1000 1/1000 
cycles, & aircraft 60 & 25 feet 1/500 1/1000 1/1000 
landing Over 50 feet 1 /250 1/500 1/1000 


100 feet 1/125 1/250 1/400 
Aircraft and fast 


trains 





89 


AFM 95-1 15 SEPTEMBER 1959 





INTERIOR SUBJECTS 


There are several ways of lighting an interior: 
speed flash, single or multiple flash bulbs, flood- 
lights, regular room illuminating lights, natural 
light from out of doors, painting lights, and any 
combination of these. Consideration of the sub- 
ject and the facilities available will usually de- 
termine which lighting method should be used. 
For example, an informal picture of a group of 
people in a room would normally require one or 
more flash bulbs, while formal portraits are us- 
ually made with floodlights. Small, still objects 
and interiors without people are best photo- 
graphed using painting lights. Good pictures can 
be made of certain sections of interiors and of 
properly placed small objects by means of natural 
light coming in through the windows. 

It is sometimes a good idea to take interior pic- 
tures at night because, at that time, all the lights 
used are under the photographer’s direct con- 
trol and he can create whatever setup he wishes. 
You can get the same effect by drawing the 
shades or otherwise cutting off the outside light. 

Painting with light is a good method of secur- 
ing a soft, even illumination, providing the light 
source 1s moved constantly up and down and 
sideways across the subject area during the ex- 
posure. Never let the light or bright reflections 
shine into the lens, nor leave the light directed at 
any one part of the subject for too long a time. 
The light is used much as a big spray gun to 
“paint” the subject and its background with an 
even coverage of light. Remember, the light 
should be constantly in motion. Objects that are 
best suited to be photographed with painted light 
are sometimes difficult to photograph by other 
methods. For example, consider the setup with a 
floodlight in a fixed position. Near objects will re- 
ceive too much light and will be chalky white in 
the finished print, while distant objects will be too 
dark. 

Most subjects encountered in interior photogra- 
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phy require that the camera be on a tripod and 
that the ground glass be used for focusing. The 
camera should usually be level, with corrective 
adjustments used if necessary. In setting up the 
tnpod, always use a tripod leg brace assembly or 
a floor mat so that the tripod will not ship. The 
camera should be placed in such a position that 
the area to be covered will be pictured in the 
most pleasing manner or will meet the required 
specifications. If possible, the objects in the in- 
terior should be arranged so that the best compo- 
sition will result. These objects should be ar- 
ranged in relation to their position on the ground 
glass and not as they appear to the eye from 
the camera position. An exposure meter may be 
used to take a reading of areas of the interior 
lighted with the type of painting light used. Thus 
the exposure for the interior can be determined. 
When operating space is limited, it may be neces- 
sary to use a wide-angle lens to include the de- 
sired area. 





ENGINEERING PHOTOGRAPHY 


Engineering photography includes photographs 
of machinery or equipment, either assembled or 
disassembled. It may be necessary to photograph 
a small part while it is still on the airplane or 
equipment. When this is the case, the part itself 
must be in sharp, well-defined detail with the 
background or surrounding parts slightly out of 
focus or eliminated entirely. When the part can 
be removed, it is generally easier to photograph 
it against a white background with the part sup- 
ported on a block 6 to 8 inches off the back- 
ground. The exposure is given for the part itself, 
then the background is “painted” in. With this 
method, no “blocking” of the negative is neces- 
sary to eliminate detail in the background. If a 
number of small objects are to be photographed, 
they are placed directly on the white background 
and usually photographed with the lights station- 
ary. 

cies method of making white background 


photographs is by the use of a light box. The 
subjects are placed on a box with a glass top 
illuminated from within. The exposure is given 
for the objects on the box with the lights off. 
After this exposure, the box lights are turned on 
to give the exposure for the white background. 

To show texture in an object, it is necessary 
to illuminate the subject with cross-lighting. The 
best method is to place a strong main light at 
the desired angle and a weaker fill-in light to get 
detail in the shadows. | 

The class of film most desirable for making en- 
gineering photographs will depend largely upon 
the type of subject and lighting conditions. In all 
cases, the film used for this type of photography 
should have inherently fine grain, high resolving 


power, and a medium speed. Class E (commer- | 


cial orthochromatic) film is recommended for 


this type of work in any case where there is no ° 


red or orange involved in the subject material, or 
where it is not necessary to show the colors in 
their true relationship. When it is necessary that 
orange or red be reproduced properly in the print, 
it is advisable to use Class A. (panchromatic) 
film, due to its red sensitivity. 


Exposure Calculation 


Often small screws, bolts, and springs must be 
photographed. In this case, it is advisable to use 
the neutral tone key stop method for determining 
the exposure instead of using an exposure meter. 
With such small objects, it is difficult to get an 
accurate meter reading, due to the fact that light 
from the white background is reflected into the 
light cell along with the light from the subject. 
If the part to be photographed is three inches 
in diameter or larger, it is possible to get a satis- 
factory meter reading. The part is then large 
enough that no extraneous light will strike the 
photocell if the meter is held at the proper dis- 
tance. However, if a meter is used for computing 
the exposure, compensation must be used for bel- 
lows extension. 


Light Distance 
The light source should be held the same dis- 
tance from the subject when the film is exposed 
as it was at the time of the meter reading or 
the computing of the key stop. If, for some rea- 
son, it is not desirable to do this, the exposure 
may be computed by the following formula: 
X (destred time) _ Destred distance’ 
Original time Original distance* 
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PORTRAITURE AND IDENTIFICATION 
PHOTOGRAPHS 


In official portraits, it is essential that the pho- 
tograph show rank, insignia, and decorations cor- 
rectly. Unless otherwise specified, headgear should 
be worn with the prescribed uniform. 

The camera lens must be fast enough to insure 
sufficiently short exposures with the available il- 
lumination. For a main light source, a C-1 lamp 
assembly consisting of two lamps is adequate. 
Auxiliary illumination should consist of two focus- 
ing spot lamps if available — one lamp for the 


' background illumination and one for special 


modeling effects. A plain background, such as an 
army blanket, is satisfactory. The final shade 
of the background in the print can be regulated 
by the amount of illumination on it. A gooseneck 
head screen is used to shade certain areas of the 
subject. This is a small screen of semi-opaque 
material on a flexible tube which can be adjusted 
to a desired angle. A bench or chair without a 
back can be used as a posing bench. It should 
be placed about seven feet from the background. 
This will assure the background being out of fo- 
cus and will facilitate the elimination of the sub- 
ject’s shadows. 

The camera must be held on a firm tripod and 
adjusted to a position level with the subject’s 
eyes. The distance from the subject is governed 
by the focal length of the lens used. The image 
head size, measured from the top of the forehead 
to the point of the chin, should be approximately 
1/6 of the focal length of the lens. By keeping 
the image head size in this ratio, distortion of 
the features will be avoided and sufficient depth 
of field obtained at wide apertures. 

For plane balanced lighting, a modeling light 
should be placed about four feet from the sub- 
ject and elevated to an angle of approximately 
45°. The light should be used without a diffu- 
sion screen. The illumination from the modeling 


ight should form a U-shaped patch below the 
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eye farthest from the light. The patch should 
not extend below the base of the nose. The goose- 
neck screen is used to tone down the highlight 
on the side of the head and not affect the high- 
light on the face. A fill-in light is used to control 
the effect of the modeling light or lighten the 
shadow. The distance of the fill-in light is con- 
trolled by the lighting contrast desired, the dis- 
tance usually varying from six to ten feet. A dif- 
fuser is placed over the reflector of the fill-in 
light. 

A focusing spotlight may be used to obtain a 
particular highlight or to add depth to the pic- 
ture. To regulate the illumination of the back- 
ground, a second focusing spotlight or painting 
light is used. The spotlight is preferable because 
it affords more control. 

In posing the subject, feet should be on the 
floor, coat sleeves smooth, and military rank evi- 
dent. The subject is seated on a posing bench 
at a 30° angle to the camera with the subject’s 
head turned toward the camera. Do not expose 
the subject to the heat and glare of the lights any 
longer than necessary. A cable release should be 
used to trip the camera and a shutter speed of 
1/25 second or faster should be used. 


Although there is less control of lighting in 
outdoor portraits, it is possible to make success- 
ful pictures with careful subject placement and 
selection of background. In cloudy or hazy wea- 
ther, an ideal diffused light is present and the 
making of portraits or group photographs is sim- 
plified. In direct sunlight, it becomes necessary to 
use the sun as a modeling light and flash or re- 
flectors to fill in the shadows. Distracting back- 
grounds should be minimized. 

An identification photograph is made for the 
purpose of identification and should accurately 
represent the individual. The size of the picture 


must conform to the space allotted on the paper 
to which the photograph will be attached. A 
full front view is generally required and the sub- 
ject should be without headgear. The background 
should be plain and hght in tone. The camera 
lens should be level with the subject’s eyes. Re- 
touching is not permissible; identification marks, 
such as scars, should be shown. Flat lighting 
should be used. Photographs should contain the 
subject’s name for filing purposes. In printing, the 
name is masked off. The print should be on glossy 
paper to insure full detail. As a rule, overdevelop- 
ment should be avoided when processing por- 
trait and identification negatives because this 
tends to block up the highlight detail in the flesh 


tones. 


PUBLIC INFORMATION PHOTOGRAPHY 


It is the function of the public information 
officer to select and release pictures for publica- 
tion. These pictures for news release will be made 
by an Air Force photographer. 

A picture for public information must tell a 
story. The story must be closely connected to the 
readers interest. The city or locale involved 
would be the proper place to publish the story 
or picture. The picture must also be published 
while the story is “news.” The sooner the pic- 
ture is published, -the better news value it pos- 
sesses. Wirephotos are used to speed up trans- 
mission of pictures. The more important the per- 
son in the picture, the farther the picture will 
travel and the more times it will be reprinted. 
Prints for reproduction must have a high gloss 
to preserve detail. A good news photo must have 
human interest. This includes humor, tragedy, 
scenery, mystery, and sex. A pretty girl selling gov- 
ernment bonds is an example of adding human 
interest to a picture. 





PREPARATION FOR DEVELOPMENT 


The processing of photographic emulsions is 
best accomplished in a properly equipped photo- 
graphic darkroom. Whether the darkroom is small 
or large, there are certain essentials necessary to 
the accomplishment of good work. 

The room should be kept clean and well ven- 
tilated. Shelves, bottles, walls, and floors spotted 
with chemicals that have been spilled and allowed 
to dry are detrimental to health and good work. 
The arrangement should be convenient, with a 
place for everything and everything in its proper 
place. Sinks should be of adequate size and con- 
structed so that they drain thoroughly. The use 
of duckboards to keep trays above the bottoms 
of the sinks is also recommended. There should 
be enough safelights, spaced at correct working 
distance. Sensitized materials, except those in ac- 
tual use, should never be kept in a laboratory. 
The temperature of the laboratory should be 
maintained as closely as possible to the normal 
processing temperature — approximately 70° F. 
Keep a thermometer on the wall of the labora- 
tory at all times. There should be aprons, pre- 
ferably waterproof, to protect the clothing. There 
should also be a supply of chemically clean tow- 
els. Chemical formulas should be prepared in a 
separate room. The bottles must be properly la- 
beled before being placed on the laboratory 
shelves over the sink. In general, good photo- 
graphic work demands that all operations be con- 
ducted in a clean, orderly, and systematic manner. 
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negative 
processing 
techniques 


Marking Films for Identification 


It is sometimes necessary to mark exposed films 
so that they can be identified after development. 
Unless the film holder is equipped with an iden- 
tifying device, it becomes the job of the person 
processing the film to mark it for identification. 
One method is to make such a mark with a me- 
dium soft lead pencil or with a blunt point, such 
as a stylus, on the edge of the film. This pro- 
cedure may be difficult to accomplish in total 
darkness. An easier method in the dark, espe- 
cially when several films must be identified, is to 
use a ticket punch. The number and spacing of 
the punch marks will make identification possible. 


Safelights for Negatives 


Essentially, safelights are filters. The safelight’s 
functon is to transmit the maximum amount of 
light which may properly be used for visibility 
without damage to the sensitized material. Since 
color sensitivity varies with different emulsions, 
the color transmission of the safelight must vary 
accordingly. Emulsions of the slower speeds whose 
sensitivity is mostly in the blue or violet radiations 
may be processed under a safelight which does 
not transmit blue and violet. Such safelights are 
usually yellow or yellow-green in color, and are 
listed as the Wratten Series o0, 0, and Oa. 
Films that may be- developed under these safe- 
lights are the orthonon type, including some pho- 
to mechanical film. The Wratten Series I filter, 
which is orange color, may also be used with the 
above types of film. 
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Orthochromatic emulsions, whose color sensi- 
tivity range extends through all radiations except 
red, should be processed under the Wratten Series 
II deep red safelight. Panchromatic emulsions, in 
which the sensitivity range extends through all 
colors, may be developed under a Wratten Series 
III dark green safelight. The general practice, 
however, is to develop this type of film in total 
darkness by time and temperature, using an inter- 
val timer with a luminous-numbered dial, which 
can be read in the dark. If the Series III safe- 
light is used, the film should not be exposed to 
this light at any time until after it has been de- 
veloped 50%, and then examined only: momen- 
tarily at a distance of about 30 inches. The Series 
III safelight may be used with infrared emulsions, 
but the Wratten Series VII safelight should be 
used only with infrared emulsions. 


Safehight Efficiency 


To check the efficiency of the safelight, a sheet 
of unexposed film of the type ordinarily used with 
a particular safelight is laid emulsion side up at 
the usual working distance from the light —- 
about 30 inches. Next place an opaque object on 
part of the film and turn on the light for one 
minute. Develop the film for the usual time. If 
the result shows any difference in density between 
the parts of the film that were covered and those 
which were not, the safelight is unsafe. There 
are two remedies for this condition. One is to in- 
crease the working distance and another is to use 
a light bulb of lesser illuminating capacity in the 
safelight. In either case, further safety tests must 
be made. The above test will not be effective 
with panchromatic film and the Series III dark 
green safelight. When this safelight is used, the 
directions previously given should be followed. All 
tests made should be accomplished prior to de- 
velopment, as photographic emulsions have their 
greatest sensitivity to light when dry. 

Any safelight will be most efficient when its 
output of illumination is indirect or by reflection. 
If the safelight is not constructed on the indirect 
principle, the light should never be_ pointed 
straight at the sensitized material, but should be 
so placed that the light beam is away from or 
at an angle to it. 

A good guide to correct development, and a 
safe procedure when developing negatives by safe- 
light, 1s to examine the silver densities of the 
images from the back of the negative by reflected 
light. If a highlight or dark area can be seen 
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and very little of the halftones, the negative is 
underdeveloped. When the highlights and_half- 
tones appear and the shadows are barely visible, 
the negative is normally developed. If the high- 
lights are quite dark and the general image de- 
tail in other areas is plainly visible, the negative 
is approaching overdevelopment, but may not at 
this stage have attained a very high degree of 
contrast. The above directions should be consid- 
ered approximate. However, after some practice, 
negative contrast and density for both average and 
very thin films can be judged with a considerable 
degree of accuracy. 


PROCESSING METHODS 


Before processing, it is necessary to prepare the 
“working” solutions and check the temperatures. 
The type of development which affords the most 
control is the time-temperature method. A time 
of development is selected for the temperature 
and type of developer, and the type of agitation. 
The agitation for tray and open tank develop- 
ment should be constant; daylight tanks are agi- 
tated intermittently. 

Film holders should be unloaded on a clean 
table away from the sink. If it is to be developed 
in trays, the film should be held emulsion up and 
fanned out so that the individual sheets can be 
placed in the developer one at a time. The film 
must be handled by the edges and completely im- 
mersed in the developer. Agitation is accom- 
plished by taking the bottom film and placing it 
on top, taking care not to scratch the top film. 
When many sheets of film are to be developed, 
it is generally best to place them in water first 
and then into the developer. This is done to in- 
sure even development. 


Tank Development 


The tank development system has several ad- 
vantages as compared to tray development. Some 
of these are greater uniformity in development 
and less likelihood of scratches, stains, and spots. 
This method is particularly suited for quantity 
production. 

Open tanks are designed to be used with either 
8 by 10 or 4 by 5 inch film hangers. A separate 
tank is used for each processing solution. The 
tank should be drained or provided with a float- 
ing lid when not in use. Film hangers are con- 
structed of metal or plastic. They fit into a metal 
frame in the open film tank. The film need not 
be removed from the hanger for drying. Hangers 


must be kept clean and dry when not in use. For 
exacting work, the tank may be placed in a water 
jacket to maintain correct temperatures. 

Closed or daylight processing tanks are 
equipped with a light-tight cover. The processing 
solutions can be poured in and out without open- 
ing the tank. Tanks are made of metal or plastic. 


AERIAL ROLL FILM PROCESSING 


Aerial roll film is processed by means of a port- 
able film developing unit and dried on an aerial 
roll film dryer. The Type B-5A portable film de- 
veloper is a mechanism for developing, fixing, and 
washing aerial roll film. During processing opera- 
tions, the film is held on two reels or spools, 
mounted in a frame. The reels accommodate 
film up to and including 9!4 inches wide and 
5 to 200 feet in length. The motor or drive case 
assembly is provided for continuous operation in 
winding the film from one spool to the other. 
This drive assembly is easily removed to permit 
manual operation — necessary in certain stages 
of processing. Three processing tanks hold the 
frame assembly during processing. These tanks are 
made so they will nest one within another for 
convenience in handling and shipping. The com- 
plete outfit 1s contained in a carrying case. 

UNIT ASSEMBLY. A stainless steel frame assem- 
bly holds the two reel assemblies. The frame has 
top supports for holding the drive case assembly. 
The reels are provided with shafts which permit 
either manual or power operation. The film ends 
are held firmly in place by means of spring clips 
on the inside of the reels. 

Moror priveE. The power source is a 1/16 hp, 
8000 rpm, 115-volt motor, operating on either 
alternating or direct current. The clutch system 
permits only one of the clutches to be engaged 
at a time. The reels rotate freely until the end 
of the film is reached, when they stop with a 
strong pull. By a ball and spring mechanism in 
conjunction with a rocker arm, one clutch is re- 
leased and the other is engaged, thus reversing 
the direction of rotation of the reels. 

LOADING PLATE. A metal loading plate, with 
bent corners for gripping the bench top, is pro- 
vided with a stud or pivot. This facilitates the 
winding of the film from the camera spool to the 
reel assembly. 


Preparation for Use 


Remove the parts from the case — first, reel 
assembly, then the tanks, and last the drive as- 
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sembly. Take care not to drop the tanks as this 
may jar the seams and cause them to leak. Place 
the tanks in the sink in the following order — 
from left to mght: 

Tank 1 — Developing solution. 

Tank 3 — Wash water. 

Tank 2 — Fixing bath. 

The processing solutions should have been pre- 
viously prepared and brought to the working tem- 
perature of 68° F. Pour the developer and the 
fixing bath into their respective tanks and fill the 
washing tank. Place the reel assembly, the loading 
plate, and the camera film spool on the bench. 
Place the motor drive assembly to one side. 

LOADING THE REEL. Place the film spool ver- 
tically on the pivot of the loading plate. Place 
the reel assembly on the table to the right of the 
loading plate, with the guide post in the center 
nearest the operator. This is important in order 
that the film will transfer properly from one reel 
to the other during automatic operation with the 
motor drive. Unhook the film locking arms of 
the film clamping devices on top of the reels. Re- 
move the paper trailer from the exposed roll film. 
Insert about two inches of the film into the slot 
of the right-hand spool in such a manner that 
the film will wind onto the spool with the emul- 
sion side out. Wind about two turns of the film 
around the reel to insure that the film is placed 
squarely in the reel. Then pull the spring shaft 
forward and swing the locking arm over to hold 
the end of the film securely. Wind all the film 
onto the right-hand reel until the film leader 1s 
reached. Tear off this leader and insert the film 
end into the left-hand reel, following the same 
procedure as explained above. 


Developing Procedure 


Immerse the reel assembly in the washing tank. 
The tank should be filled with water at the work- 
ing temperature of 68° F. Wind the film by hand 
from one reel to the other once in each direc- 
tion; in other words, two passes. Remove the reel 
assembly and, after allowing excess water to drain 
off, immerse it in the developing tank. The reels 
should be hand operated by turning the crank 
handles on top for about 25% of the developing 
time, after which the power drive assembly may 
be attached. At the end of the developing time, 
the complete assembly is removed from the de- 
veloper tank and allowed to drain for a few sec- 
onds. It is then immersed in the washing tank 
and given several passes through the water to 
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remove as much developer as possible. 

After the development and rinsing processes 
have been completed, place the reel assembly in 
the fixing tank. The drive assembly may be at- 
tached and, after four complete passes in the fix- 
ing bath, the white lights may be turned on. Fix 
for twice the time it takes the film to clear. On 
completion of fixation, remove the reel and drive 
assembly from the fixing tank and place it in the 
washing tank. The temperature of the wash water 
should be as near 70° F as possible. At proper 
temperature, the average washing time for 75 feet 
of 914 inch film is 20 to 30 minutes. Wash with 
the drive assembly attached. The film is then re- 
moved from the wash water and dried on a me- 
chanical dryer as explained below. 

The A-10A aerial roll film dryer is designed 
to dry strips of film or paper of any width from 
9 inches to 934 inches and in lengths of five feet 
and longer, depending on the capacity of the 
take-up spool used. The film or paper is dried 
by a fan which blows clean, heated air against 
the emulsion side of the film or paper. This air 
pressure forces the back of the film or paper 
against chain-driven rollers, which are located 
around the blower drum and carry the film or 
paper through the drying cabinet. To prevent 
dust from being blown on the film or paper, clean 
air is brought into the cabinet through a remov- 
able filter at the front. 

Sixteen feet of film or paper are carried in 
the drying cabinet at one time. Eight feet travel 
around the drum exposed to the blast of warm 
air, while the other eight feet travel through rol- 
ler assemblies in the top of the cabinet. A power 
driven take-up assembly rewinds the dried film or 
paper. 

The air in the cabinet can be heated by either 
of two methods: (1) by the use of electric heat 
(5400 watts maximum, 110 volts) or (2) by 
portable gasoline heaters which supply hot air 
through doors in the side panels of the cabinet. 
Film may be dried in temperatures up to 147 
degrees without damaging the emulsion. 

The film or paper, emulsion side up, is at- 
tached to the bobbin and fed through the two 
squeegee rollers to remove excess water. It is then 
fed down between the rollers and the blower air 
vents. Upon completing travel around the drum, 
the film or paper is fed through the top roller as- 
semblies and out to the take-up rollers and the 
take-up spool. 

The linear rate of travel of the film or paper 
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through the dryer depends on cabinet tempera- 
ture and humidity. The rate of travel through 
the drying cabinet must be so regulated that the 
film is completely dry as it comes out of the 
cabinet to the take-up spools. The rate of travel 
is controlled by a variable speed control knob at 
the front of the cabinet. The blower fan or gaso- 
line heaters must never be turned off while wet 
film is in the cabinet. 

In some localities it has been found that the 
film has a tendency to dry unevenly and show 
watermarks on the emulsion when dry. When this 
condition is present, the use of Aerosol “OT” 
wetting agent is recommended. Make a stock so- 
lution of Aerosol “OT” by dissolving 1 ounce of 
the pellets in 100 ounces of water. A working 
solution of 0.1% is usually of sufficient strength. 
This is made by mixing 1 part of the 1% stock 
solution with 9 parts water. This is used in the 
immersion tank in which the film reel is placed 
before it enters the dryer. 


PROCESSING 16 AND 35mm FILM 


For processing 16 or 35mm film, either the EJ-1 
or A-11 processing unit may be used. The Type 
EJ-1 film developer is a small, portable machine 
for manually processing 16 and 35mm film, us- 
ing the negative or reversal process. The machine 
is adjustable either for 16 or 35mm film by turn- 
ing the top plate which, having then been re- 
leased, will fall to the bottom of the guide slot, 
where it may again be securely clamped in place. 
The various parts are contained within a molded 
bakelite tank with a cover. By means of a flange 
and groove system in the tank and cover, a double 
light trap is formed, at the same time permitting 
air to escape. The tank is filled through a light- 
tight opening in the cover. The cover is held in 
place by spring clamps on each end. The cranks 
by which the spools are revolved are located in 
the cover. The end of the film is held firmly by 
a cam and pressure pad within the reel and be- 
hind the slot that extends lengthwise in the body 
of the reel. The top plate is restricted in travel 
by three slots equally spaced about the reel body. 
By moving the top plate to the top of the slots 
and clamping it in place, 35mm film may be 
wound between it and the bottom plate. When 
it is secured at the bottom of the slots, the space 
between the plates will be sufficient for the wind- 
ing of 16mm film. An idler roller keeps the film 
at a fixed distance from a watertight window. 
The lightproof cover of the window snaps open 


to give the film a secondary exposure when using 
the reversal process. A lightproof drain is located 
in the front of the tank. 


The EJ-1 Film Developer 


Loapinc. With the window in front or facing 
the operator, remove tank cover and reels. Adjust 
the plates on both reels to the required film 
width. In total darkness, place the film spool 
on the right-hand spindle so that it will unwind 
counterclockwise. Insert the end of the film in 
the left-hand reel. Give the reel two turns clock- 
wise to insure straight winding before clamping 
the end. This is the only time the two spindles 
revolve in opposite directions. The loading is per- 
formed in this manner so that the film will wind 
on the reel emulsion side out. Place the cover in 
position and wind the left-hand crank clockwise 
until all the film is off the spool. Remove the 
cover and the empty spool. Replace right-hand 
reel. Pass the film from the left-hand reel in front 
of the idler roller and insert the end in the 
right-hand reel. Give the right-hand reel two full 
turns counterclockwise before clamping. Replace 
the cover, making sure the window and name 
plate are both to the front. Clamp the cover in 
place. If the window cover is securely closed, the 
remaining operations may be carried on in white 
light. 

The solutions are poured into the tank through 
the filler mouth on top of the tank cover and 
emptied by pulling out the rubber stopper below 
the window cover. Both inlet and outlet are light- 
proof. Use the crank to wind the film through the 
processing solution from one reel to the other in the 
direction indicated on the cover. 

Processinc. The rubber stopper must be se- 
curely in its place. Pour the developer fairly rap- 
idly into the filler mouth. Wind the film once 
through as rapidly as possible but avoid clinching 
at the end of the pass. After development, rinse 
the film with water, dilute acetic acid, or harden- 
ing stop bath. Follow the procedure previously 
explained for this process. If there is difficulty in 
removing the backing, replace the roller behind 
the window with a piece of cellulose sponge of 
about the same size. Any backing not removed in 
processing can be removed afterwards by spong- 
ing the back with weak acetic acid solution. 

REVERSAL PROCESSING. Reversal processing is 
much more critical than negative processing. 
There is less latitude in processing times and tem- 
peratures. Variation of 2° F in temperature may 
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cause failure. It may be necessary to adjust the 
timing to suit variation in individual procedure. 

First developer. Pour developer as rapidly as 
possible through the vent in the top. Be sure 
the temperature is 68° F. Wind film through as 
rapidly as possible but avoid clinching at the end 
of the pass. 

Rinse. Follow the same procedure as above de- 
scribed for negative processing. 

Bleach. Bleach completely for specified time. If 
bleaching is not complete in this time, use fresh 
solution. The ends of the film may be examined 
through the window by an OA safelight. Bleach- 
ing is complete when no black image remains. 

Rinse. Rinse in running water until no yellow 
remains. If running water is not available, use 
several changes until the water drains clear. 

Clearing. Clear until the extreme ends and 
highlights are transparent and the image and edges 
are a light yellow. 

Re-exposure. After making one pass through 
fresh water, open the window and re-expose by 
a photoflood or other strong light about 8 to 12 
inches from the window. Do not drain the water 
from the tank. Make three passes in the water 
with the light on. Wind evenly and continuously 
without stopping except at the extreme ends. 
Brown stain may be formed if the winding past 
the light is not continuous. 

Redevelopment. Close the window and redevel- 
op. The edges of the film will be completely black 
when redevelopment is complete. 

Rinse, fix, wash, and dry following the same 
procedure as given in negative processing. 
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The A-11 Film Processing Machine 


The A-11 is an automatic film processing ma- 
chine designed for processing all types of 16mm 
and 35mm film. After exposure in a camera, the 
film is loaded in a light-tight magazine which 
is then mounted on the machine. As it travels 
through the machine, the film passes through va- 
rious solutions, is washed and dried, and emerges 
completely processed. 

The A-11 automatic processing machine is de- 
signed primarily for reversal processing. However, 
it can be used for negative processing by rear- 
ranging the processing solutions or film-travel se- 
quence. The A-11 machine, illustrated on the pre- 
ceding page, is both automatic and self-contained. 
No additional equipment is required for complete 
processing. The machine is designed for daylight 
operation, however the magazine must be loaded in 
a darkroom. 

REVERSAL PROCESSING. In reversal processing, 
the original film undergoes a series of chemical 
changes which cause the film itself to become a 
positive through reversal. The best way to see 
how the A-11 machine performs this process is 
to trace the film through the machine. The illus- 
tration below shows the solutions and film travel 
for reversal processing. 

‘Tank 1. The first tank is the loading tank and 
contains no solution. It makes possible the chang- 
ing of magazines while the machine is in opera- 
tion without affecting processing time. 

The loading tank is equipped with an ele- 
vator, which is free floating and feeds the ma- 
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chine while a new magazine is being installed 
and the film is being spliced. The loading ele- 


change magazines. If the change has not been 
completed by the time the loading elevator 
reaches the top of its travel, an automatic switch 
shuts off the machine and sounds an alarm bell. 

Tank 2. Tank 2 — capacity 7 gallons — con- 
tains the first developer. The solution in this tank 
is circulated by a stainless steel pump. A cellulose 
sponge is mounted above each of the two ele- 
vators in this tank. The function of these sponges 
is to remove the dye coating with which the cel- 
lulose side of certain reversal films are treated. 
The sponges and their supporting brackets may 
be removed when they are not required. 

In reversal processing, the negative image is de- 
veloped by the first developer in tank 2. 

Tank 3. Tank 3 — capacity 3% gallons — is 
the first stop-bath tank. It contains an acid rinse 
which neutralizes any developer still remaining in 
the film and stops the action of the first de- 
veloper. 

The film then passes a flash lamp which ex- 
poses the previously unexposed silver bromide salts 
in the emulsion. 

Tank 4. Tank 4 — capacity 314 gallons -—- 
contains the bleach solution which removes the 
developed negative image. 

Tank 5. Tank 5 —. capacity 3% gallons — 
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vator rises while the magazine change 1s being i 
made and drops back to the bottom of the tank 
on completion of the change. 

A warning buzzer sounds when it is time to 


contains the clearing bath which neutralizes the 
bleach solution and stops it bleaching action. 

After clearing, the film passes under a second 
flash lamp, which ensures that all remaining silver 
bromide is thoroughly exposed. 

At this point the negative image has been re- 
moved and the film contains an undeveloped pos- 
itive image. 

Tank 6. Tank 6 — capacity 34% gallons — 
contains the second developer. The solution in 
this tank develops the positive image. 

Tank 7. Tank 7 — capacity 3! gallons — is 
the second stop-bath tank. It contains an acid 
rinse which stops the action of the second de- 
veloper. 

Tank 8. Tank 8 — capacity 4% gallons — con- 
tains the fixing or hypo solution. 

Tank 9. Tank 9 is the wash tank. Wash sprays 
are installed in this tank and the overflow pipe 
rises three-fourths of the way to the top of the 
tank. This allows the lower portions of the film 
to be immersed in water while the upper portions 
are being sprayed. 

This washing removes all traces of chemicals. 
A slot near the bottom of the overflow pipe drains 
off sludge. 

Tank 10. Tank 10 — capacity 4 gallons — con- 
tains the glycerin or aerosol rinse. 

Sprays are provided in tank 10 so that it can 
be used as an auxiliary wash tank when washing 
conditions are bad. 

From tank 10, the film passes through the dry- 
ing cabinet to the take-off assembly, where it is 
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automatically wound on the take-up reel. 

NEGATIVE PROCESSING. The A-11 machine may 
be used for negative processing by rearranging 
the solutions or by rethreading the machine to by- 
pass certain tanks. When all tanks are used for neg- 
ative processing, the machine is set up as shown 
below. 

Note that tanks 2, 3, and 4 contain the de- 
veloping solution which develops the negative im- 
age. Tank 5 contains the stop bath, an acid 
rinse which stops developing action. Tanks 6, 7, 
and 8 contain the fixing or hypo solution. The 
film is washed in tank 9 and rinsed in tank 10 
with a glycerine or aerosol rinse. After being dried 
in the drying cabinet, the film emerges from the 
machine as a negative image. 

DESCRIPTION OF THE A-11 MACHINE. The solu- 
tion tanks of the A-11 processing machine have 
already been described. The other major compo- 
nents are described in the following paragraphs. 

Film Magazines. Four loading magazines are 
furnished, only one of which is mounted on the 
machine at a time. They are light-tight in all 
respects. A buzzer device is furnished with each 
magazine to indicate the approach of the end of 
the film. The transformer is located in the power 
cabinet. | 

Loading Bracket. The loading bracket is bolted 
to the front of the machine. A light trap prevents 
light from entering the developing tank while an- 
other magazine is being installed. Above the rol- 
ler where the film enters the loading bracket is 
a lock to hold the film end while new film is 


Tank 10 Tank 9 
Glycerine Wash 


rinse 


if Pi} 

: | tH] iy : tT ri 

| eet 1} eee |} 1} ae bs Pee fe) | Aes | | } 

rel 

| . HAH SL 
—o- — —_— — a oe - 


—_—-— = eee 


Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 
Negative Negative Negative Stop Fixer 
developer developer developer 





Negative Processing 


99 


AFM 95-1 15 SEPTEMBER 1959 


being spliced on from another magazine. A slid- 
ing cover at the side of the loading bracket may 
be opened for threading film, inspection, and lu- 
brication of bearings. 

Flash Lamps and Pilot Lights. As mentioned 
before, the A-11 processing machine has two flash 
lamps for re-exposure of the film during reversal 
processing. The first of these flash or re-exposure 
lamps is located directly above tank 4, the bleach 
tank in reversal processing. A light trap between 
tanks 3 and 4 prevents light from entering the 
first developer compartment (tank 3). The sec- 
ond flash lamp is located in the top of tank 6, 
where it re-exposes the reversal film after it has 
passed through the second developer. 

Two pilot lights at the front of the machine 
show whether the flash lamps are burning. The 
pilot light at the left is the indicator for the first 
flash lamp; the pilot light at the right is for the 
second flash lamp. 

The flash lamps are controlled by two rheo- 
stats in the power cabinet. These rheostats are 
usually at “5,” which is medium. 

The flash or re-exposure lamps are used only 
in reversal processing. 

Air Squeegee. An air squeegee mounted above 
the final wash tank removes surplus water from 
the film before it enters the drying cabinet. The 
air squeegee consists of two small, plated tubes 
which are slotted to allow air from the compres- 
sor to flow upon both surfaces of the film. The 
air compressor is a simple diaphragm type, de- 
signed to deliver air to the squeegee at approxi- 
mately four pounds per square inch. 

Solution Pump. The solution pump circulates 
the developer solution in tank 2. The pump has 
a priming connection to start circulation when 
the machine is first put in service or after solu- 
tions have been changed. 

Drying Cabinet. The cabinet in which the film 
is dried is divided into four compartments. A to- 
tal of seven infrared heat lamps are mounted in 
the cabinet. There is one ruby lamp in the first 
compartment and there are two in the second 
compartment. There is one frosted white lamp 
and one ruby lamp in the third compartment. 
There are two ruby lamps in the fourth com- 
partment. The cabinet temperature is regulated 
by turning these lights on or off. 

Drying Cabinet Blower. A motorized blower 
mounted just outside the forward wall of the dry- 
ing cabinet circulates a constant stream of air 
through the cabinet. Air is drawn through a 


bronze-wool filter by the action of the blower. The 
baffles or compartment divisions in the drying cab- 
inet keep the air flowing from the blower in the 
direction opposite to that of the moving film. 

Film Moving Mechanism. This consists of a 
series of elevators and drive rollers over which 
the film is passed through the various tanks and 
drying compartments. 

Elevators. Two elevators are installed in Tank 
2, one in each of the other tanks, and one in each 
drying compartment. All except those in the dry- 
ing cabinet may be raised and lowered manually 
by means of lifter rods. 

Main Chain Drive. Power is applied to the 
drive shafts from the main drive motor through 
a vari-speed transmission and gear reduction as- 
sembly to the main drive chains and _ top-shaft 
sprockets. 

Transfer Rollers. Transfer rollers are installed 
on the rear walls of Tanks 7 and 8 to provide 
for passage of the film through the film tunnel 
from one side of the machine to the other. These 
are idler rollers mounted in brackets. 

Take-off Assembly and Take-up Reel. The 
take-off assembly is mounted on the forward wall 
of the drying cabinet. The film is automatically 
wound upon the take-up reel after drying. The 
clutch drive provides constant tension, regardless 
of the diameter of the roll of film on the reel. 
Four take-up reels are supplied with the machine 
to facilitate winding of the film in one continu- 
ous operation. 

Motors. The main chain drive, air compres- 
sor, and solution pump are powered by a 110/120 
volt, AC, 60 cycle, 14 hp, repulsion-induction type 
motor with a speed of 1725 rpm. The drying 
cabinet blower is powered by a 110 volt, AC, 60 
cycle, 1/25 hp, split-phase type motor with a 
speed of 1550 rpm. The refrigerator compressor 
is powered by a 110 volt, AC, 60 cycle, 1/4 hp. 
repulsion-induction type motor with a speed of 
1725 rpm. 

Vari-speed Transmission. The vari-speed trans- 
mission assembly is mounted above the power 
compartment and under the control panel hood. 
It employs a planetary gear system whose non- 
rotating member is a traction ring. The traction 
ring engages two tapered rollers at varying diam- 
eters, the ring being moved lengthwise of the 
transmission to change the speed. 

Speed Indicator. A speed indicator, reading in 
feet per minute, is mounted on the left side of 
the sloping panel at the front of the machine. 


Speed Control Setting. The speed is regulated 
by rotating the control knob which extends 
through the side of the control panel hood. 

Temperature Controls. Processing temperature 
is controlled by means of a water jacket, a heater 
unit, and a refrigerator unit. The water jacket 
surrounds the tanks containing the solutions. The 
temperature is raised by means of a strip heater 
installed adjacent to the water jacket, and is low- 
ered by refrigerator coils submerged within the 
jacket. The cooling unit consists of copper tubing 
formed in a rectangular coil and submerged in 
the water jacket. Both the heating and refrigera- 
tion units have thermostat control. The thermo- 
stat controlling the refrigerator is located at the 
upper right in the power cabinet. Once the ther- 
mostat is set, temperature control is automatic. 
The heater thermostat is located directly to the 
left of the fuse blocks. Both the refrigeration and 
heating controls are actuated by thermostat bulbs 
submerged in the water jacket. 

The main power supply cord is located at the 
rear base of the machine and is connected to the 
machine by a single, three-pole, twist-lock male 
plug. Another male plug connects the cord with 
the 110 volt, AC, single-phase power supply. The 
main switch is located directly below the control 
panel hood, at the front of the machine. The 
black button is the starting switch; the red but- 
ton is the cut-off switch. Three toggle switches 
are located ‘at the right of the drying cabinet 
directly below the take-off assembly. The first 
(left-hand) switch operates three heat lamps in 
the first and second drying compartments. The 
center switch operates the lamps in the third dry- 
ing compartment. The right-hand switch operates 
the lamps in the fourth drying compartment. The 
flash lamp switch is located between the two pilot 
lights on the front of the machine. 

Magazine and Elevator Alarm. When the film 
on the magazine is nearly exhausted, a magazine 
warning buzzer sounds to warn the operator. 
When the magazine is released from the loading 
bracket, the loading elevator will feed the machine 
and rise until it reaches the top of its travel, 
ringing the elevator alarm and shutting off the 
machine. If a new magazine is loaded before the 
loading elevator reaches the top of its travel, it 
will automatically drop to its normal position at 
the bottom of the tank. 

The elevator alarm bell is located at the left 
of the power compartment. The bell transformer 
is located at the bottom of the power compart- 
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ment. The switch in this circuit is located under 
a small hood mounted on the rear of the light- 
trap casting. 

When the elevator alarm rings, the automatic 
shut-off switch is actuated and opens the stTop- 
START switch circuit to stop the machine. The 
bell continues to ring until a new supply of film 
or leader is spliced on and fed into the loading 
elevator and the machine restarted. 

OPERATION. The machine is shipped with the 
elevators of the tanks at their bottom positions. 
Before operation, raise them about 2 inches, as 
indicated by the knobs on the elevator rods. Then 
pull the film leader, with which the machine is 
threaded, until all strands are free from. slack. 
Work toward the front, strand by strand. 

Loading the Magazine. Load all magazines in a 
darkroom. Take a loaded camera magazine and 
an empty A-11 film magazine into the darkroom. 
Place both on a bench, with the camera magazine 
to the left and the A-11 magazine to the right. 
Remove the camera magazine cover and take out 
the loaded film spool. Place this spool on the reel 
support to the left so the film unwinds with the 
emulsion side up or toward the operator. Wind 
the film on the magazine flange with the cellulose 
or shiny side on the outside (on reversal film this 
side has a gray base or dark coating which is re- 
moved during processing). Bend the end of the 
film back to form a one-inch loop and, using the 
stapler, fast the loop with two staples. Place the 
loop on the pin in the magazine hub. Failure to 
staple the loop of film around the pin may result 
in the end of the film going into the machine 
when the film is being developed. This will ne- 
cessitate rethreading the machine. 

Wind the film slowly on the magazine flange. 
The flange will travel in a counterclockwise direc- 
tion, the film being fed on the flange at the bot- 
tom. The rewind handle will turn in a clockwise 
direction. When you have wound the film on the 
flange, hold the loose end of the film in your left 
hand and remove the flange from the rewind 
spindle. Place the loaded magazine flange in the 
magazine, with loaded side facing you. Slip the 
end of the film through the velvet-covered slot, 
under the roller; and through the light trap. The 
light trap must be held open during this opera- 
tion. If the film is curled, you may have to crease 
about eight inches of film to stiffen it so that 
vou can insert it through the magazine light trap. 
Place the magazine cover in position and secure 
it with the locking knob. 
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Installation of Magazines and Splicing. Place 
the loaded magazine, stapler, and shears on the 
shelf below the loading chamber. Grasp the emp- 
ty magazine in the loading chamber with your 
left hand, at the same time releasing the maga- 
zine lock with your right hand. Allow the maga- 
zine to drop until it rests on the shelf and the 
bottom hooks of the loading chamber. Cut the 
film with the shears, then lift the empty magazine 
on the shelf to one side and out of the way. Place 
the loaded magazine on the bottom hooks of the 
machine loading chamber. Overlap the ends of 
the films about 1'% inches. Fasten each end of 
the overlap with two staples; place another sta- 
ple in the middle. Raise the magazine into posi- 
tion, preparatory to locking. At the same time, 
release the film lock of the machine. Move the 


magazine into locking position and lock. The 
magazine is now installed in the loading chamber. 

Starting the Machine. Place the hood covers in 
position and press the black ‘starting button of 
the main operating switch. After the machine 
is running, the first elevator will begin to rise, as 
indicated by the elevator rod. Close the maga- 
zine at the loading bracket. At the same time, 
hold the film lock open and allow the film to 
travel on the loading bracket. When this slack 
film is taken up, close the magazine tightly and 
secure it by means of the lock. 

The hood covers, the sliding cover of the load- 
ing bracket, and the magazine cover must not be 
opened during processing. Adjust the speed con- 
trol to the correct speed for the type of film being 
processed. 
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PRINTING PAPERS 


A print is usually a positive image on a paper 
base, made by transmitting light through a nega- 
tive onto a sensitized emulsion by one of two 
methods — contact or projection. Since any num- 
ber of prints may be made from one negative and 
the results varied by exposure, lighting, and proc- 
essing, it is possible, in this step, to correct for 
many errors that may exist in the negative. Be- 
cause of this, it is important that the photographer 
have a working knowledge of all the materials and 
procedures used in order to achieve the desired 
results. 

Paper is used as the base for the majority of 
prints because it is highly reflective, flexible, and 
inexpensive. Printing papers are made in varying 
thicknesses or weights. The three most common to 
the Air Force are double weight, single weight, 
and light weight. The choice of weight of paper 
depends upon the purpose for which the print is 
to be used. Double weight paper is generally used 
for large prints; single weight for small prints, 
including 4 by 5; and light weight for prints that 
are to be rolled, bent, or folded. 

Printing papers are also made with varying sur- 
face textures, the common ones being glossy and 
semimatte. Glossy surfaces are used where it is 
desired to retain all the detail possible in the print, 
as in the case of aerial photographs, engineering 
photographs, and prints for reproduction. Semi- 
matte papers are best when it is desired to subdue 
fine detail and minimize graininess, as in the case 
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of portraits. A much larger variety of weights and 
surfaces in photographic papers is available com- 
mercially. 

Because a print is viewed by reflected light, it 
is necessary that the emulsion be extremely thin 
so that a minimum amount of light will be ab- 
sorbed. For the same reason, there is much less 
concentration of silver halide in print emulsions 
than in negative emulsions. As a result, each ex- 
posed grain must be fully developed in order to 
obtain prints of high quality. Because the print 
should be fully developed, it can be seen that little 
variation of contrast can be obtained. It is neces- 
sary, therefore, to have printing papers with a 
variety of inherent contrasts so that negatives of 
varying contrasts can be properly printed. 

There are four different contrasts in contact 
printing papers available to the Air Force. These 
are designated as Nos. 1, 2, 3, and 4. No. 1 is a 
“soft” paper with low inherent contrast and is 
used with contrasty negatives to produce normal 
results. Number 2 is a normal contrast paper and 
is used for printing normal negatives. Number 3 
has more than a normal amount of inherent con- 
trast and is used for slightly flat negatives. Very 
flat negatives are printed on No. 4, which is a_ 
“hard” or contrasty paper. The speed of printing 
papers varies with the contrast; that is, No. 1 is 
the fastest and No. 4 is the slowest. The contrasts 
of projection printing papers are similar to these, 
with the exception of Varigam enlarging paper. In 
a single grade it is capable of yielding many degrees 
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of contrast. Varigam is designed for making pro- 
jection prints, though with reduced lighting and 
suitable equipment it may be used for contact 
printing. 


CONTACT PRINTING 


A contact print 1s made by exposing a light 
sensitive material through a negative, with the 
material and the negative in direct contact. This 
gives the print exactly the same image size as that 
in the negative. The printing is usually accom- 
plished by the use of a contact printer. This printer 
consists of a box with a glass top, a platen for 
holding the negative and paper in contact, and a 
light source within the box. 


The negative is placed on the glass, with the 
emulsion side up; then the printing paper is placed 
on the negative, with the emulsion side down. The 
platen is brought into position to insure contact 
and the exposure is made by turning the light on 
for the proper length of time. The print is then 
developed, fixed, and washed in a manner similar 
to that used for negatives. 


The contact printers used by the Air Force are 
quite elaborate in design, having a platen with a 
pneumatic (air filled) bag and a handle which 
automatically turns on the exposing lights when 
the platen is brought into position. The lights are 
usually of a highly actinic, Argon type, numbering 
as many as 48. Each lamp is connected to an 
individual switch; therefore, any number and com- 
bination of lights can be turned on or off. In 
addition to the exposing lights, contact printers are 
equipped with safelights and viewing (white) 
lights. Automatic timers are available with some 
printers. These timers can be set to give any desired 
exposure, from a fraction of a second up to several 
mimutes. Most printers are equipped with sheets of 
ground glass, which are located directly above the 
lights. This gives diffused and even illumination. 


The printing papers used for contact printing 
have a chloride emulsion and are quite slow. They 
are sensitive to ultra-violet, violet, blue and a slight 
amount of blue-green. The safelight recommended 
for contact printing is the Wratten Series oo (yel- 
low) or the series OA (yellow-green). The oo 
safelight gives a more intense light but the oa is 
generally considered better for judging the contrast 
and density of the print. 

Before exposing a print, the trays should be set 
up and the processing solutions mixed. Prints are 
normally processed in trays which are slightly 


104 


larger than the prints. A much larger tray is 
usually preferred for the hypo in order to accom- 
modate a number of prints at one time. The trays 
should be at least half full of solution and the 
temperature maintained at a constant 68° F. 

The developer used by the Air Force for contact 
prints is Armed Forces Developer Nr 25. The 
recommended developing time for ground prints is 
1 minute 15 seconds, with a minimum of 1 minute 
and a maximum of 1 minute 45 seconds. The 
development time for aerial prints may be longer 
in order to facilitate matching. The recommended 
time is 1 minute 30 seconds, with a minimum of 1 
minute 15 seconds and a maximum of 2 minutes. 
The short stop-bath, used to stop development and 
prolong the life of the fixing bath, is a solution of 
28% acetic acid, diluted 3:64. If no acid is avail- 
able, a plain water rinse must be used. Prints 
should be left in the acid short stop for a minimum 
of 10 seconds or in a water rinse for 30 seconds. It 
is recommended that prints be fixed in an acid 
hardening fixing bath. However, the amount of 
hardener used should be somewhat less than that 
for negatives, the actual quantity varying with 
climatic conditions. Too much hardener will cause 
the prints to have an undesirable curl. The recom- 
mended time of fixation is five minutes with fre- 
quent agitation. The negative and printer must be 
clean. Both can be wiped off with a tuft of cotton 
dipped in alcohol. The pneumatic bag should be 
inspected for the proper air pressure. It should 
nearly cover the top glass when the platen is in 
position. If it does not, the print will have fuzzy 
edges, due to lack of contact between the paper 
and the negative. 


CAUTION 


Too much air in the bag may break the 
printer glass. 


When printing ground negatives, it is the usual 
practice to mask them in order to obtain a white 
border on all sides of the print. A printing mask 
can very easily be made by taping together four 
strips of thin, opaque material, such as the leader 
from a roll of aerial film. An 8 by 10 negative is 
generally masked so that the print will have a 4 
inch border and an actual image size of 7 by 9 
inches. A 4 by 5-inch negative is masked with a 
14 inch border, leaving an image size of 31% by 
41/4 inches. 

The mask should be taped in the center of the 
printer glass; the safelights and the viewing 


lights turned on; and the negative positioned, 
emulsion side up, on the mask. If the negative 
has not been lettered, it should be moved about 
until the best possible composition is obtained. If 
it is a lettered negative, it should be so placed 
that the lettering will appear in the proper posi- 
tion in the print. The negative should then be 
taped in place. The next step is to examine the 
negative to determine the contrast of paper 
needed and the approximate exposure time. Ex- 
perience is the only thing that will enable the 
operator to accomplish this with any degree of 
accuracy. In lieu of experience, it probably would 
be best to make a test exposure on contrast 2 
paper. After the paper and exposure time have 
been decided upon, the viewing lights must be 
turned out. A sheet of the printing paper is cen- 
tered, emulsion down, over the mask and the 
platen brought down into position. If the printer 
is not equipped with an automatic timer, the ex- 
posure should be timed by watching a continuous 
timer. 

The print should be immersed in the developer 
with a quick, sliding motion in such a manner 
that the solution covers it rapidly and evenly. 
Agitation must be constant. After the proper de- 
veloping time, the print should be removed, al- 
lowed to drain briefly, rinsed, placed in the fixing 
bath, and agitated briskly for the first few sec- 
onds, with intermittent agitation thereafter. 

It is very difficult for the inexperienced pho- 
tographer to judge the contrast of a print that 
is over or underexposed. If the print is too light 
or too dark, the exposure should be changed 
until the proper density has been attained before 
judging the correctness of the contrast. In order 
to conserve paper while making these tests, it is 
best to cut a sheet into several strips and use 
the individual strips for test exposures. The test 
strip should be placed on the negative in such a 
way as to include a highlight, a halftone, and a 
shadow. An overexposed print will develop in a 
very short time and there is a tendency to “pull” 
the print from the developer before development 
has been completed. This does keep the print 
from going too dark, but it results in a flat, un- 
even image. A print must always be exposed so 
that it reaches its proper density, only with full 
development. 

Several prints may be processed at one time 
by putting them into the developer at regular in- 
tervals and, at the end of the proper develop- 
ing time, removing them in the same order and 


105 


AFM 95-1 15 SEPTEMBER 1959 


at the same interval. To prevent the prints from 
sticking together, each print must be completely 
immersed before the next print is put in the de- 
veloper. When processing prints in this manner, 
agitate by rotating the prints — taking each print, 
in turn, from the bottom and putting it on top. 

Sometimes one area of a negative may be so 
dense as to require more exposure than another 
area in order to produce a print of uniform dens- 
ity. Locally varying the exposure obtained through 
a negative is known as dodging. Dodging is usu- 
ally done by turning one or more of the individual 
light switches off for all or part of the exposure 
time. If the necessary dodging cannot be accom- 
plished by means of the individual lights, tissue 
paper may be used. The paper is torn to the 
approximate size and shape of the area to be 
dodged and inserted in the printer between the 
diffusing glasses and the top glass, directly under 
the desired area. More than one piece of paper 
may be required, depending on the negative. 

When printing mosaics, a special technique is 
necessary. The prints must contain maximum de- 
tail and they should match very closely in dens- 
ity, contrast, and tone. If this is not done, the 
finished mosaic will have a patchy appearance. 

A good mosaic print, showing maximum de- 
tail, will appear to be slightly flat to the inex- 
perienced photographer. The density should be 
normal and the tone a good blue-black. It is in 
the tones that perhaps the greatest difficulty will 
be encountered and special precautions must be 
taken with the processing. A sufficient supply 
of printing paper of the proper contrast and the 
same eriulsion number should be on hand. The 
developing solution should be mixed very care- 
fully and ripened or “‘silver loaded” before use, 
by fully developing four sheets of printing paper 
that have been exposed to white light. The de- 
veloper must not be overworked; about 25, 9 x 9 
inch prints is considered the maximum number 
that can be developed in 48 ounces of working 
solution. The developer should not be used long- 
er then one hour. Subsequent solutions should be 
ripened by saving one fourth of the old developer 
and adding it as water to the new solution. For 
example — to make 48 ounces of working solu- 
tion, mix 12 ounces of new developer, 12 ounces 
used developer, and 24 ounces of water. If the 
developing solution becomes contaminated, it 
must all be thrown out and the new batch rip- 
ened by developing the fogged paper. Care must 
be taken to keep the solution at the proper tem- 
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perature and to avoid underdevelopment. 

A negative that is representative of the mosaic 
—one containing as many different terrain fea- 
tures as possible — should be selected and the best 
possible print made. For self protection in case of 
damage to the original, this master print should be 
duplicated by making three more prints to match. 
The master print should be kept in a tray of water 
near the developing tray and the prints from the 
rest of the mosaic matched to it. 

Mosaic prints must always be handled very 
carefully to prevent undue stretching of the paper. 

Aerial prints are often printed on a special tvpe 
of paper, that has a water resistant base. This 
gives a minimum of stretching and is very useful 
where scale is important. Because the chemicals do 
not soak into the base, the processing time is re- 
duced considerably. This paper called sub type E, 
(chloride, seimimatte, water resistant base), must 
be processed somewhat differently than ordinary 
paper because the total time in solution, including 
washing, should not exceed 7 minutes. The recom- 
mended times are: 

Developing — 60 to 90 seconds. 

Acid rinse — 2 seconds. 

Fixing — 2 minutes. 

Washing — 4 minutes. 

Prints on type E paper should not be left in 
solutions longer than specified times or the water 
resistant backing will be destroyed. 


PROJECTION PRINTING 


Projection printing varies from contact printing 
in that the negative is separated from the paper and 
the negative image is projected by means of a lens 
onto the sensitized emulsion. By altering the dis- 
tance beween the negative and the lens, and be- 
tween the lens and the easel, it is possible to enlarge 
or reduce the scale of the print to any desired 
degree. Because a large percentage of projection 
prints are made at an enlarged scale, it has become 
common to refer to a projection printer simply as 
an “enlarger.” Although the main advantage of 
projection printing over contact printing is the fact 
that large Size prints can be made, there are several 
other advantages. Among these are the ease with 
which dodging can be accomplished, various special 
effects that may be obtained, and the fact that 
perspective may be improved or distorted as desired. 
These advantages will be discussed fully later in 
this section. 

In general, a projection printer consists of a 
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Fig. 92. Projection Printers 


light, a method of obtaining even illumination 
over the negative, a negative carrier, a lens and 
suitable bellows, and an easel for holding the 
sensitized paper. There should also be some way 
of changing the negative-to-lens and the lens-to- 
easel distance so that changes in scale can be 
made. Most projection printers are of the vertical 
type; that is, the negative is held in a horizontal 
position and the image projected downward. 

The light source of a projection printer is us- 
ually a tungsten bulb. The bulb is enclosed in a 
light-tight “house,” which must be ventilated to 
prevent excessive heat from ruining the negative. 
One type of enlarger, however, uses fluorescent 
tubes. These produce very little heat and no 
ventilation is necessary. 

The methods used to distribute the light even- 
ly over the negative divide projection printers into 
two types — condenser and diffuser (Fig. 92). 
The condenser type enlarger makes use of a set 
of condensing lenses (plano-convex lenses with 
the convex sides facing and nearly touching each 
other) to project the light rays evenly through 
the negative (Fig. 93). This type of enlarger gives 
maximum sharpness of detail, which is desired in 
many cases. Because of this, any flaws in a nega- 
tive, such as abrasion marks, will be very evident 
in the print. A condenser enlarger will also give 
a more contrasty image than one from the same 
negative in a diffusing type enlarger. 

The diffusing enlarger has a set of diffusion 
plates (usually ground or opal glass) between the 
lamp and the negative (Fig. 94). These give a 
soft, even illumination over the entire negative 
and tend to minimize detail, grain, and negative 
flaws. : 

The negative carrier may be one of two types, 
dustless or glass sandwich. The dustless carrier 
consists of two metal plates with an opening in 
the center. The negative is placed between these 
plates and is held in position by the edges. It is 
very satisfactory for 4 by 5-inch negatives or 
smaller. The glass sandwich carrier is merely two 
sheets of glass between which the negative is 
placed. They are necessary for 8 by 10-inch nega- 
tives because of the tendency of large negatives 
to sag in the center if used with a _ dustless 
carrier. 

The lens used in a projection printer should be 
an anastigmat with an angle of field large enough 
to cover the negative. No shutter is necessary be- 
cause the exposures are usually measured in sec- 
onds. On an enlarger with a tungsten bulb, the 
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Fig. 93. Condenser Type Enlarger 


exposure is made by turning the light on and off. 
With fluorescent tubes, the light must be kept on 
continually and the exposure made by uncovering 
and covering the lens. 

There are many types of easels in use, each 
serving the same basic purpose of holding the 
paper in a flat plane. Most easels are made with 
adjustable masks to regulate the borders of the print. 

In order to obtain changes in scale, it is neces- 
sary to alter the conjugate distances in a man- 
ner similar to that in cameras. In other words, 
to enlarge a negative to a greater degree, the 
negative-to-lens distance must be decreased and 
the lens-to-easel distance must be increased. Some 
enlargers, called auto-focus, are so designed that, 
as the lens-to-easel distance is altered, the nega- 
tive-to-lens distance is automatically adjusted so 
that the image is always in focus. Although it is 
theoretically possible to make reductions to any 
desired size, the bellows on most projection print- 
ers are not capable of being extended enough 
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Fig. 94. Diffuser Type Enlarger 






to make projections smaller than 1:1. Reduction 
may be accomplished by substituting a lens of 
shorter focal length,-but a more satisfactory meth- 
od is to use a reducing attachment. This attach- 
ment, which is available as auxiliary equipment 
on some enlargers, consists of a section of bellows 
to which is fitted a short focal length lens. The 
regular enlarger lens is not used in conjunction 
with the reducing attachment. 

The P-1 copying and enlarging kit is a portable 
device used for either copying or enlarging. Its 
use for copying will be discussed in Chapter 12. 
For enlarging, either the C-1 or the C-3 camera 
is used. It forms a horizontal enlarger, uses fluor- 
escent lights, and has a diffusion system of il- 
lumination. 

The papers most generally used for projection 
printing have a bromide emulsion and are much 
faster than the chloride papers. They are avail- 
able to the Air Force in contrasts 1 (soft), 2 
(normal), and 3 (contrasty). There is also a 
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choice of the various weights and surfaces as de- 
scribed on page 101. 

The developing solution is D-72 diluted 1:2. 
The recommended time of development is from 
1 to 3 minutes. Since the contrast of a bromide 
paper can be varied a little more than that of 
chloride, it is permissible to change the dilution 
in order to obtain the desired result. It is usually 
recommended that a small quantity of potassium 
bromide be added to the developing solution to 
increase the restraining action, permit longer de- 
velopment, and obtain a better tone. Because the 
addition of bromide increases the developing time, 
there is a tendency to underdevelop the prints. 
This results in a greenish tone. This tone is often 
blamed on the extra bromide, but actually it 
could be prevented by a longer developing time. 
The amount of potassium bromide usually added 
is one drop of saturated solution to each two ounces 
of working solution developer. An acid rinse bath 
should be used between development and fixation. 
If the acid is not available, a plain water rinse is 
satisfactory. The time in the rinse bath should be 
a minimum of 10 seconds if using acid and 30 sec- 
onds with plain water. The prints should be fixed 
for 5 minutes with occasional agitation. As in the 
case of chloride prints, care should be taken to pre- 
vent excessive hardening. 

Type XII paper, single-weight, semimatte, wa- 
ter-resistant base, is similar to type IX, except 
that it has a bromide emulsion. The recommend- 
ed processing times are the same as those for type 
IX and are described on page 104. 

Although any normal negative can be consid- 
ered satisfactory for projection printing, there are 
a few characteristics that are particularly desir- 
able. Negatives that are too dense are not pre- 
ferred because the exposing time is too long. Neg- 
atives that are to be enlarged must be free of 
defects, dirt, and fingerprints because these would 
be enlarged to the same degree as the image. 

In the actual process of projection printing, 
the first step is to inspect the negative and its 
glass carrier for cleanliness. If necessary, they 
should be cleaned with a piece of soft cloth or 
cotton dipped in alcohol. The lens should be 
cleaned only when necessary. The illumination 
falling on the easel should be checked and, if 
found to be uneven, corrected by moving the light 
up or down. If an auto-focus enlarger is being 
used, it should be checked in several different posi- 
tions for accurate focus. 

The negative is so placed in the carrier that 


the emulsion will be toward the lens when the 
carrier is in position. The light is turned on and 
the image brought to the desired size and fo- 
cused with the lens aperture wide open. The easel 
must be moved around until the desired compo- 
sition is obtained. Care should be taken not to 
leave the light burning for too long an interval 
or the negative will be damaged by the heat. 
After the image is correctly focused and com- 
posed, the aperture should be closed down. The 
exact amount that the aperture should be stopped 
down is difficult to determine without experience. 
For beginners, it is suggested that about two stops 
down with a normal negative would be a good 
starting place. 

With the illumination off, a piece of the de- 
sired printing paper is placed in the easel, with 
the emulsion toward the lens. The procedure for 
making a test exposure differs from that in con- 
tact printing in that a series of exposures is ob- 
tained on one piece of paper. This is done by 
giving the paper a 2-second exposure, then cover- 
ing about 1/5 of the paper with a piece of card- 
board or similar material and exposing for an 
additional 2 seconds. Then the cardboard is 
moved to cover 2/5 of the paper and a 4-second 
exposure is made. In the third step, 3/5 of the 
paper is covered and the exposure given is 8 
seconds. In the final step, 4/5 of the paper is 
covered and the exposure is 16 seconds. Thus af- 
ter development, there will be 5 strips with ex- 
posures of 2, 4, 8, 16, and 32 seconds. 

Dodging can usually be accomplished more 
easily and accurately in projection printing than 
in contact printing. For dodging, a small piece of 
paper is threaded onto the end of a wire and 
this “butterfly” is then held between the lens and 
easel in such a manner as to prevent the light 
rays from reaching the area to be dodged. Dodg- 
ing is usually done for only a part of the exposure 
time. The butterfly must be kept moving in order 
to prevent a sharp line between the area dodged 
and the rest of the photograph. Another form of 
dodging called “burning-in” is used to make an 
area darker. This is done by using a cardboard 
which has a hole of the appropriate size and 
shape in the center. After the over-all exposure 
is made, the cardboard is brought into position. 
This cuts off all light except that passing through 
the hole onto the area to be burned-in. The de- 
vice must be kept in motion to prevent a sharp 
line. 

A print is sometimes diffused in order to mini- 
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mize graininess or detail. This might be done 
when a portrait negative is critically sharp and 
it is not desired to show each pore of the skin. 
Although diffusion can be done in various ways, 
one of the easiest methods is to use a piece of 
crumpled cellophane, such as that on a cigarette 
pack. The cellophane should be straightened out 
and held between the lens and easel for all or 
part of the exposure, depending upon the results 
desired. 


PRINT FINISHING 


The finishing of prints includes all treatments 
given to prints from the time they are removed 
from the fixing bath to their final delivery. Fin- 
ishing includes washing, softening, drying, trim- 
ming, mounting, and spotting of prints. 

Wasuinc. Although chemicals diffuse from the 
base of a print as well as from the emulsion dur- 
ing washing, it takes longer to wash prints than 
negatives because the hypo is held within the 
fibers of the paper. The ideal temperature range 
for wash water is from 50° to 75° F. Higher 
temperatures may cause blisters and frills. 

Although most prints are washed in mechanical 
washers, it is often necessary to wash them in 
trays. Two trays having deep sides should be used. 
The size of the trays is determined by the size 
and number of prints to be washed. Both trays 
should be filled almost completely with water and 
the prints placed emulsion up in the first tray. 
The prints should then be transferred, one at a 
time, to the second tray. The first tray is then 
emptied and refilled with fresh water. Six com- 
plete changes from one tray to another, allowing 
5 minutes between changes, are sufficient for sin- 
gle weight prints. Double weight prints should 
be given 8 to 10 changes. A second method of 
washing prints in trays involves the use of a si- 
phon. Fresh water is run into the tray and, at 
the same time, the chemically contaminated wa- 
ter is siphoned from the bottom of the tray. The 
latter method of washing is quite efficient. 

The standard mechanical washer consists of a 
round tank, in which a metal tray containing the 
prints revolves on a vertical axis. The tray is so 
balanced that water spraying into it from the top 
causes it to rotate. This rotation and the force 
of the water spray keep the prints agitated and 
separated. An automatic siphon insures a com- 
stant change of water. This washer is efficient, 
seldom damages prints, and is especially suitable 
for washing large numbers of prints. 
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While it is not necessary to test each batch of 
prints for the presence of hypo, it is good prac- 
tice to make a test once in a while to prove or 
disprove the efficiency of the washing methods 
and the time of washing. In Chapter 4 two meth- 
ods of testing prints for the presence of hypo are 
explained.. The formula to be used in perform- 
ing the test is included in the formulary. When 
additional prints are added to a batch which 
are partially washed, the hypo from the added 
prints will immediately diffuse into those which 
have been washing. This makes it necessary that 
the timing of the washing period be started when 
the last prints are added. 

The length of time necessary to wash prints 
depends on the amount of agitation they receive 
while being washed, the completeness and rapid- 
ity with which the water is changed, and whether 
the prints are on single or double weight paper. 
While it is most necessary that the hypo be elim- 
inated from the prints, it is poor practice to wash 
them for a needlessly long time. Prolonged wash- 
ing may cause excessive softening of the emul- 
sion, blisters and frills, and stretching of prints. 
Under favorable conditions, 30 minutes is the rec- 
ommended time for washing single weight prints 
and 45 minutes for double weight. 

SOFTENING BATHS. The emulsion of prints is 
frequently hardened to an extent that, when the 
prints are dried, an inferior ferrotype gloss will 
result; the prints will curl excessively; or the emul- 
sion will crack when an attempt is made to 
straighten the print. These difficulties can be pre- 
vented by placing the prints in a solution of glyc- 
erin immediately after they have been washed. 
The solution is made by adding one part glycerin 
to 10 parts water. The prints should be left in the 
bath for at least 5 minutes. If the softening action 
is not sufficient, the amount of glycerin can be 
increased or the solution can be heated to about 
80° or 90° F. The prints are not rinsed after be- 
ing treated, but are placed immediately on blot- 
ters, drying stretchers, or ferrotype plates. Carbi- 
tol acetate (diethylene) may be used as a substi- 
tute for glycerin for softening prints. The propor- 
tion used is the same as for glycerin and the 
solution is used in exactly the same manner. 

Besides softening the gelatin of emulsions, soft- 
ening baths will make the paper base more flexi- 
ble. Prints so treated are less inclined to curl 
and are more easily flattened because of the in- 
creased pliability. 

Dryinc. Prints are dried on drying racks, belt 
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dryers, or ferrotype plates. A drying rack consists 
of a stand with grooves for holding a number 
of stretchers. These stretchers, or leaves, are wood- 
en or metal frames, across which a mesh cloth 
is stretched. The frames are supported in the dry- 
ing rack in a horizontal position, one above the 
other, and can be withdrawn for convenience in 
loading the rack. Drying prints on racks will not 
change the tones or cause stretching of the prints. 
For these reasons racks are employed for drying 
mosaic prints. Before placing the prints on the 
stretchers, remove the surplus water, either by 
blotting or by draining. Place the prints on the 
stretchers emulsion side down. 

A belt dryer consists of a drum over which a 
wide cloth belt or apron travels. The drum is 
motor driven and usually heated by electricity. 
The rate at which the prints dry is regulated by 
the temperature of the drum and the speed at 
which it rotates. The surplus water should be re- 
moved by blotting or squeegeeing before the prints 
are placed on the apron for drying. The prints 
are placed on the apron emulsion down and 
should dry properly by being passed once through 
the dryer. 

Ferrotyping is a process for producing high 
gloss on prints. Only prints on paper having a 
glossy surface can be ferrotyped. The principle of 
ferrotyping is that when the emulsion side of a 
wet print is pressed into close contact with a 
smooth surface, the gelatin of the emulsion is 
compressed in drying, causing an increase in the 
gloss of the print. A ferrotype plate is made of 
metal and has a highly polished surface. Ferro- 
type plates should be handled with extreme care 
to avoid scratches. The plates should be stored in 
grooves in cabinets and never allowed to touch 
each other or any hard surface. To clean these 
plates, wash in warm water with a mild soap 
whenever they appear dirty. If this is neglected, 
the prints may stick to the plates. 

As a rule, prints to be ferrotyped are treated 
in a softening bath before they are placed on the 
ferrotype plates. This treatment causes the prints 
to have a higher gloss and makes them more pli- 
able. When ready to ferrotype a print, dip the 
plate into water to remove dust and lint. Lay 
the wet print face down on the ferrotype plate. 
Lay a blotter over the print and use a print rol- 
ler to secure contact of the print with the tin. 
The print must be in perfect contact to produce 
a uniform glossy surface. If a quantity of prints 
are to be made, the tins can be run through a 


wringer, thus making the use of blotters unneces- 
sary. The standard print wringer, which is sim- 
ilar to an ordinary clothes wringer, is usually pow- 
ered with an electric motor. In passing the plates 
through the wringer, care must be taken to see 
that the roller does not wrinkle the prints. The 
plate is set in a suitable place to dry the prints, 
preferably in a drying cabinet. If the foregoing 
directions have been strictly complied with, the 
print will completely separate itself from the plate 
when it becomes dry. 

If the ferrotyped prints are to be trimmed, it 
should be done immediately after they leave the 
plates; after trimming they should be placed un- 
der pressure. Any tendency of the prints to curl 
may be greatly lessened by dampening the backs 
and placing them between dry blotters. Mosaic 
prints or copies of mosaics should not be ferro- 
typed, as stretching may result. 

Several models of print dryers are manufac- 
tured which can be used for ferrotyping prints. 
In using a dryer of this type, the prints are placed 
emulsion up on the apron. This apron carries 
the print around a highly polished, heated, slowly 
revolving drum. The apron holds the print in 
close contact with the drum. When the print has 
traveled one revolution around the drun, it will 
either fall off or will be dry enough that it can 
be easily removed. These machine ferrotype dry- 
ers have a capacity for drying many prints per 
hour. Good results are obtained when the gelatin 
of the prints is properly conditioned and the 
drum is kept clean and well polished. Sometimes 
when ferrotyping prints, drying marks will result. 
These are known as oyster shell markings and are 
caused by uneven drying. 

Because of the shrinking of the gelatin, most 
prints curl toward the emulsion when dry. The 
print must be straightened before it can be accu- 
rately trimmed, properly mounted, or before it 
should be delivered in case it is not mounted. 
Although a somewhat slow method, the best way 
to straighten prints is to dampen the backs light- 
ly and place between cardboards in a_ press. 
Prints should be left in the press for at least an 
hour. To conserve space, prints of the same size 
can be placed back to back between the card- 
boards. Even more space can be conserved by 
dampening the back of every other print and plac- 
ing the back side of a dry print squarely in con- 
tact with the dampened side of another print, 
and dispensing with the cardboard. Only prints 
of one size are placed in one pile in the press. 
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A faster method is by use of a standard motor 
driven print straightener. 

A photographic print is trimmed to obtain a 
clean-cut edge, make width of borders uniform, 
reduce to desired size, and to improve composi- 
tion. Small prints when bordered are trimmed so 
the width of the white margin is equal on all 
sides. This margin may vary in width from 1% 
to 1% inch, according to the size of the print. 
For example, the usual '-inch masked border of 
an 8- by 10-inch print is trimmed to 1% inch. 

Photographs are mounted to improve their ap- 
pearance and make them more permanent. Their 
appearance is enhanced when the print is prop- 
erly spaced on a mount of proper color, texture, 
and size. Mounting makes the photograph more 
permanent only when the material used for the 
mount is chemically pure and the adhesive is one 
which will not, in time, stain the mount or print. 
Cardboard is the material most often used for 
mounts. The mount should be large enough to 
balance and to appear as amply supporting the 
photograph. If the mount is too small, the im- 
pression of skimpiness is given; if the mount is 
too large, it belittles the print and makes it ap- 
pear as lost. 


While no definite rules can be given, a 5- by 
7-inch print may be placed on a mount 8 by 10 
inches in size. This will give a 1'%-inch border. 
An 8 by 10-inch print should have not less than 
a 1'%-inch border, and usually will appear bet- 
ter if mounted with a 2-inch border. 


Adhesives generally used for mounting are rub- 
ber cement, gum arabic, dry mounting tissue, and 
mounting cloth. With rubber cement, both sur- 
faces are coated, allowed to dry, and then placed 
in contact with each other. Rubber cement 
works well for mounting either single-weight or 
double-weight prints. Ferrotyped prints can be 
mounted without loss of gloss. It is efficient for 
any temporary mounting, such as holding a print 
flat for copying. However, it is not permanent and 
may stain the prints. 


CAUTION 


Rubber cement is highly inflammable. 


Gum arabic is used chiefly for mounting mosaic 
prints. This adhesive is made by dissolving gum 
arabic (gum acacia) in water. The consistency of 
the solution is regulated by adding glycerin. Fer- 
mentation is avoided by adding salicylic acid. 
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Gum arabic is a slow drying but strong adhesive, 
but it may stain the prints. 

Dry mounting tissue is in the form of sheets. 
It is manufactured by coating extremely thin tis- 
sue paper with shellac. When heat is applied to 
the tissue, it becomes tacky and, when cooled, 
it is an excellent and permanent adhesive. A 
sheet of the tissue is “tacked” to the back of the 
print by means of an electrically heated tacking 
iron. The print and tissue are then trimmed and 
tacked in position on the mount. The print and 
mount are then placed in a heated press (Fig. 
95). They should remain in the press for about 
30 seconds at a temperature of 180° F. A sheet 


of heavy paper should be placed over the print 
to protect its surface. 

The dampness of mounts or prints is frequent- 
ly responsible for failures in dry mounting. If the 
prints are damp, the gelatin will melt from the 
heat of the press and the emulsion surface will 
become sticky. If the mount is damp, the heat 
of the press will cause it to warp. Prints may be 
mounted on a special type of adhesive photo 
mounting cloth. This is done by pressing the cloth 
against the wet back of the print during ferro- 
typing. To reduce wear and tear to a minimum 
this method is used to mount prints which will 
receive considerable handling. 





Fig. 95. Press for Mounting Prints 
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COPYING PRINCIPLES AND 
PROCEDURES 


The term copying is generally limited to the 
reproduction of a photograph or document. The 
objective in copying is to accurately reproduce 
the original or some specially modified form of 
the original. Because it is possible to duplicate 
detail to an exact size or scale, photography pro- 
vides an accurate method of reproduction. Divid- 
ing copy matter into different groups aids in the 
selection of film and operating techniques. These 
groups are listed below. 

Black and white line drawings — any printed 
material or subject in black and white, such as 
typewritten material or diagrams. 

Colored line drawings — multicolored draw- 
ings or diagrams with no gradations of tone, such 
as road maps and wiring diagrams. 

Continuous tone — black and white full-tone 
subjects such as ordinary photographs and aerial 
mosaics. 

Colored continuous tone — colored photo- 
graphs or paintings. 

Although there are many cameras especially de- 
signed for copying, an ordinary camera with ground 
glass focusing and a bellows extension of at least 
twice the focal length is adequate. For best results 
in reproducing fine detail, a lens of high quality 
must be used. In especially critical work an anastig- 
mat lens with a flat field and high resolving power 
is essential. For critical color work a fully color-cor- 
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copying and 
lantern slides 


rected lens, called an apochromat, is necessary. In 
order to reproduce an original without distortion, 
the focal plane of the camera must be parallel to 
the copy subject or easel and the lens should be 
perpendicular to both. A test may be made to check 
the accuracy of the copy setup by focusing on a 
sharply defined square. If the image proportions are 
accurate and sharp, the back is parallel and the lens 
is perpendicular to the subject. 

Either the C-1 or the 4 x 5 camera can be used 
with the P-1 copying and enlarging kit. This kit 
consists of a portable carrying case containing a 
track, a copy board with adjustable masking 
strips and frame for holding the subject, a cam- 
era carriage, and two fluorescent lamp assemblies. 
The carrying case is used as a stand or working 
base. 

The standard copy camera in the Air Force is 
the A-2 camera. It is adapted for copying on film 
up to 24 by 24 inches in size; however, by means 
of a reducing back, negatives can be made on 
any standard-size film. A sliding and rising (fall- 
ing) front is operated by cranks from the rear of 
the camera. The copy board can be raised and 
lowered by means of a large wheel on the rear of 
its framework. It is removable to allow copying 
of large mosaics. Two wheels on the right side 
of the camera control the focusing and the posi- 
tioning of the camera on its track. Each wheel 
is connected to a calibrated scale, which can be 
set for a predetermined copy size. A sliding or 
proportionate scale is used to determine the cam- 
era scale settings. 
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Artificial light is preferred for copy work, be- 
cause it is dependable and easy to control. The 
three types most commonly used by the Air Force 
are carbon arcs, fluorescent tubes, and tungsten 
lamps. Arc lamps are used with the A-2 camera. 
They produce an intense light and should be used 
when copying large subjects. The C-1 lamp assem- 
bly, which consists of a carrying case and two re- 
flectors with stands and diffusers, uses number 4 
photoflood lamps. The P-1 kit contains two banks 
of fluorescent lights, with three lights in each bank. 
Regardless of the types of illumination, the lighting 
must be even. Uneven lighting will result in uneven 
density in the negative. A simple method of check- 
ing the lighting is to place the edge of a ruler on 
the copy and examine the density of the shadows. 
If the shadows are of the same density, the lighting 
is even or balanced. The angle of the lights depends 
on the surface to be copied. Glossy surfaces require 
a placement angle that will prevent reflection from 
the subject into the lens of the camera. Rough 
surfaces require direct lighting lights positioned as 
close as possible to the lens axis — to minimize the 
texture. 

Exposure in copying is best determined by a test 
negative which has been given a series of exposures. 
This is done by inserting the dark slide in successive 
steps so that each area of the film receives twice 
the exposure of the preceding area. The proper 
exposure is selected from the test, and as long as 
lighting and materials remain constant, no further 
tests need be made. When an exposure meter is 
used, it is necessary to give some consideration to 
the type of subject. A white card with black lines 
would give a high meter reading, while a black 
card with white lines would give a comparatively 
low reading. The exposure in both cases should be 
the same. The meter readings indicate only general 
brightness. In using a meter then, it is necessary to 
take a reading from a white card and use special 
white card meter settings. 

The tables shown are based on the normal posi- 
tion of the calculator being set at the reading 
obtained from a white surface in the copying posi- 
tion. These values are suitable for use with meters 
having A. S. A. scales and with G. E., Weston, 
and similar meters. Compensation must be made 
for bellows extension. 

It is unlawful to reproduce any copyright mate- 
rial without permission. All copyright material is 
plainly marked and a written release should be pro- 
cured before copying. The law also prohibits the 
copying of passports, citizenship papers, bonds, 
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stocks, and money. The copying of stamps is per- 
mitted only for illustration purposes. The reproduc- 
tion of a stamp must be in black and white and at 
least four times as large as the original. 


FILM USED IN COPYING 


High contrast or process film is supplied by the 
Air Force in three classes — class E, class H, and 
type 7. Their general characteristics are high 
contrast, short latitude, fine grain, and high re- 
solving power. 

Class E film is an orthochromatic emulsion; 
therefore, it is not sensitive to red. It is used for 
copying black and white line drawings, such as 
some maps, charts, and printed matter. 

Class H film is a panchromatic emulsion and is 
used to copy colored line drawings, such as maps, 
wiring diagrams, and blue prints. Its high contrast 
and sensitivity to all colors makes class H_ film 
especially suitable for colored subjects where high 
contrast 1s desired. Filters are generally used in this 
type of work; they will be discussed later in this 
chapter. 

Type 7 film is manufactured in orthochromatic 
and panchromatic color sensitivities and is referred 
to as photomechanical film. It has very high con- 
trast and a thin emulsion and base. It is used in 
high contrast reproduction work. The thin emul- 
sion facilitates rapid processing. Because this film 
is developed in a caustic solution, it is necessary to 
rinse for 1 minute, between development and fixa- 
tion, in order to prevent pinholes. 

Medium and low contrast films include classes 
E, D, A, and L. Class E film is an orthochromatic 
film of medium high contrast and resolving power. 
It is used to copy black and white continuous tone, 
such as that in portraits and mosaics. 

Class D ortho film is a fairly fast film used for 
copying continuous-tone black and white subjects. 
It has medium low contrast, medium fine grain, 
and good resolving power. 

Class A panchromatic film is used for a vanety 
of subjects, both in copying and general photog- 
raphy. It is used for copying continuous-tone col- 
ored subjects. It has medium contrast, medium fine 
grain, good resolving power, and a wide latitude. 

Class L panchromatic film is a fast pan with 
coarse grain and low contrast; it is very seldom 
used for copy work. The chart on the following 
page shows the characteristics of the various films 
used in copying. 

When copying originals that are printed on thin 
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TABLE Nr 1 


FILMS AND DEVELOPERS FOR COPY WORK 
LINE COPYING MATERIAL 





Exposure 
Sheet Films Index Type 
Tungsten 
Class E 
Ortho Process 12 Nr 25 
High Contrast 12 Nr 1 


Class E 

Ortho Process 
High Contrast 
Thin Base 


Class E 
Ortho High Contrast 12 


Thin-Base Extra 12 
Low Shrinkage 

Class E 

Ortho Process 

High Contrast 

Stripping Base 





Class H 
Pan Process 16 Nr 25 
High Contrast ; 16 Nr | 


Class H 
Pan Process 


High Contrast 
Stripping Base 








Armed Forces Developer 


68 6 min 
none 68 6 min 
68 6 min 
none 68 6 min 
68 
none 68 
68 6 min 
none 68 6 min 
68 6 min 
none 68 6 min 
68 
none 68 


CONTINUOUS TONE COPYING MATERIAL 


Exposure 
Sheet Films Index Type 
Tungsten 
Class A 32 Nr 25 
(Pan Atomic x) 32 Nr] 
32 Nr 2 
Class D 32 Nr 25 
(Sup. Sp. Part) 32 Nr 1 
32 Nr 2 
Class E-] Nr 25 
(Com. Ortho) Nr | 
Nr 2 
Class L 80 Nr 25 
(Super xx) 80 Nr | 
80 Nr 2 


paper on only one side, it is desirable to place 
white paper behind the subject. This increases the 
reflective ability and insures contrast. If the orig- 
inal is printed on both sides, black backing will 
keep the lettering on the back from showing 
through. The contrast of typed material is improved 
if, in preparing material for reproduction purposes, 
the typist places a fresh carbon over the material 
and reversed carbon behind it. 

If the original has both continuous tone and let- 
tering, it 1s advisable to make separate negatives 
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Armed Forces Developer 


Dilution Time 


1-6 6 min 
1-4 2 6 min 
none 68 6 min 
1-6 68 6 min 
1-4 68 6 min 
none 68 6 min 
]-7 68 6 min 
1-5 68 6 min 
none 68 6 min 
1-6 68 6 min 
1-4 68 6 min 
none 68 6 min 


and combine them when printing. If it is necessary 
to copy both subjects on one film, some loss of 
quality is inevitable. 


FILTERS USED IN COPYING 


Correction filters are selected for a certain film 
under a specific light source. Their purpose is to 
produce orthochromatic rendition. In copying we 
have both daylight-tvype light, as in arc lamps and 
fluorescent lighting; and tungsten light, as in pho- 
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CHARACTERISTICS OF FILMS USED IN COPYING 


COLOR 


Orthonon 


Ortho 


Panchromatic 


Process 
Ortho 


Process 
Pan 
Ortho 


Ortho 


Pan 


Medium 
Slow 


Medium 
Slow 


Medium 
Slow 


Medium 


Medium 


Very high 


Very high 


Very high 


High 
High 
Medium 
High 


Medium 
Low 


Medium 


Fine 


Fine 


Medium 


Fine 


Medium 


Medium 


Photomechanical 
Work 


Photomechanical 
Work 


Photomechanical 
Work 


Black & White 
Line Drawings 


Colored Line 
Drawings 


Continuous-Tone 
Black and White 


Continuous-Tone 


Continuous-Tone 


Fast Low 


toflood lamps. The correction filter for Type B Pan 
in daylight is the K-2, and the tungsten filter is 
the X-1. In order to reproduce a colored original 
with its brightness values shown as shades of gray, 
it is necessary to use a corrective filter. The filter 
selected is determined by the color sensitivity of 
the film and the color of the light source. Since 
correction filters are used for orthochromatic ren- 
dition, these considerations are necessary in order 
to reprodyce the subject with their correct relative 
shades of gray. 

The selection of a contrast filter is governed by 
the desired result. ‘To reproduce a color as a light 
shade of gray, a filter must be selected which will 
transmit that color. To eliminate a color or have 
it appear dark on the print, a filter that absorbs 
that color must be used. For example, when copy- 
ing a blue print — white lines on a blue back- 
ground — a filter must be used to increase the 
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Color 


Armed Forces 
Developer Nr. 2 


Coarse 


Long-Scale 
Continuous-Tone 





contrast. If copied without a filter, the film, which 
is very sensitive to blue, would reproduce it as dark, 
and little contrast would exist between the lines 
and background. A deep-red filter, which absorbs 
all of the blue, should be used. The resulting print 
then consists of white lines on a black background. 
In the selection of a contrast filter, it is best to 
visualize the desired result before selecting a filter. 
In copying a colored wiring diagram without a fil- 
ter, two or more colors may reproduce as the same 
shade of gray, destroying the distinction between 
the circuits. Therefore, a filter must be used that 
will create a contrast between colors and render 
each circuit in a different shade of gray. It is also 
possible, by the use of a filter, to eliminate a trans- 
parent stain on the original. The filter used is gen- 
erally the same color as the stain but slightly deep- 
er; therefore, the exposure is actually made by the 
one color that is being transmitted. The result 1s 


an even exposure of all parts of the original, caus- 
ing elimination of the stain. This system does not 
apply to stains on dark backgrounds. For this con- 
dition, a filter which partly or wholly absorbs the 
color should be used. Viewing the subject through 
the filter will help the photographer visualize the 
final result. 


COPYING MOSAICS TO SCALE 


The photographic reproduction of mosaics is re- 
quired for the purpose of Mass production or 
change of scale. Often several mosaics of the same 
area are required; it is easier and generally quicker 
to assemble one mosaic and reproduce it than it 
would be to assemble more than one from the orig- 
inal negatives. 

The prints best suited for copying are those that 
have maximum detail. Because mosaics are usually 
much larger than ordinary copy work, it is neces- 
sary to take special care in arranging the lighting. 
It may be advisable to use four lights instead of 
the standard two-light set-up. Mosaics are continu- 
ous-tone black and white subjects, and should be 
copied on a film of moderate speed and contrast. 
When copying a mosaic to a different scale, the 
following formula may be used. 


Mosaic Scale = Dast on Mosatc 
Copy Scale Dist on copy 


If a mosaic with a scale of 1/10,000 were to be 
copied to a scale of 1/8,000, a distance of five 
inches (the distance between two roads for ex- 
ample) on the mosaic would equal 61% inches on 
the copy. By using the above formula we find: 





I 

10,000 5 8000 5 
1 ™~ X 10,000° X 
8,000 

8&X= 50 XK= 6% 


Therefore, if a copy camera with scale settings is 
used, the linear dimensions are coincided on the 
proportionate scale, and the camera scale settings 
determined. 


USE OF THE HALFTONE SCREEN 


A continuous-tone black and white photograph 
cannot be reproduced on a printing press unless 
a special technique is employed. The reason for 
this is quite simple — black ink cannot print in 
shades of gray. The processes by which continuous- 
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tone subjects are reproduced in tones correspond- 
ing to the original are called photolithography and 


necessitate the use of a halftone screen. 





Halftone Screen Greatly Enlarged 


A halftone screen is made by ruling or etching 
a series of straight lines on a plate of high quality 
optical glass. The grooves are filled with an opaque 
pigment, then two such plates are cemented to- 
gether, face to face, with the rulings at right angles. 
This screen is placed in front of the film so that 
the light reflected from the subject must pass 
through it to reach the focal plane. The image 
on the negative therefore is composed of a pattern 
of dots of uniform density but varying size. Light 
reflected from a subject point passes through the 
screen and produces a dot. The size of the dot 
formed under each halftone screen opening is di- 
rectly dependent on the amount of light reaching 
it from the corresponding area of the original. 
Therefore, highlight areas produce larger dots on 
the negative than shadow areas. 

Two characteristics of process film must now 
be considered in order to understand why the dots 
vary in size. One is the threshold exposure — the 
minimum exposure required to produce a latent 
image. The other is the high inherent contrast of 
the film, which enables any exposure above the 
threshold to produce a heavy density. It will be 
seen then that, if a part of the subject is dark, 
it will produce a small dot on the negative or no 
dot at all. On the other hand, if a part of the sub- 
ject is light, the same exposure time will yield a 
dot proportional to the amount of light reflected. 

To insure having some detail in the shadow 
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133 Line Halftone Screen 


area, many process photographers follow the prac- 
tice of making a preliminary or “flash” exposure. 
The entire film is subjected to an overall exposure 
by reflecting light from a white card on the copy 
board or by shining light directly into the lens. 
This serves to project a dot pattern over the en- 
tire film. The regular exposure of the subject to 
be copied is then made in the usual manner. Con- 
sequently those shadow areas which do not reflect 
much light will contain a sufficient number of dots 
to allow them to print satisfactorily. 

When a negative is produced in this manner and 
converted into a positive the highlight area is com- 
posed of a pattern of very small black dots sepa- 
rated by large white spaces. The tones, ranging 
from highlights to shadows, are represented by larg- 
er dots with less and less white space between 
them. It is this variation of dot size, in relation 
to the separation between them, which creates an 
illusion of shades of gray. 

The size of the apertures in a halftone screen 
varies with the purpose for which it is to be used. 
The fineness of the mesh is designated by the num- 
ber of lines per inch. A screen having from 100 to 
150 lines per inch is considered more or less stand- 
ard and will produce a satisfactory amount of de- 
tail and tonal scale for average purposes. A fine 
screen produces small dots closely spaced and, 
therefore, should be used only when the reproduc- 
tion is to be printed on a hard, glossy-surfaced 
paper. If a soft matte paper were used the ink 
from each dot would spread, causing a blending 
of dots with resulting loss of detail and tonal dif- 
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65 Line Halftone Screen 


ferences. Since newsprint is a soft, rough paper, il- 
lustrations to be reproduced in newspapers are us- 
ually copied through a relatively coarse screen of 
95 lines to insure the dots being spaced far enough 
apart to prevent them from blending. The dot 
structure of a newspaper illustration can be read- 
ily seen with the naked eye. Many high grade mag-. 
azines and publications use paper of such fine 
quality and hard, glossy surface that they are able 
to make reproductions through screens as fine as 
400 lines per inch. In such cases the dot structure 
is beyond the resolving power of the human eye 
and can be detected only when greatly magnified. 

The standard Air Force halftone screen for use 
with the A-2 camera is 10 inches x 12 inches and 
has 100 lines per inch. This screen produces a dot 
pattern satisfactory for most Air Force require- 
ments. In most screens the distance between the 
lines is equal to their width. Therefore, if a screen 
has 100 lines to an inch it will have 100 clear 
spaces, each of which is 1/200 inch wide. 

In order to obtain proper results with a half- 
tone screen there must be a definite relationship 
between the distance of the screen from the film 
and the size of the screen openings. 

The contrast of the reproduction may be altered 
by dividing up the total exposure required by the 
negative into two or more exposures through dif- 
ferent apertures. 

Magenta contact screens have recently come 
into use because they are thin, flexible, unbreak- 
able, and reproduce detail better. When these 
screens are used, contrast can be controlled photo- 


graphically by balancing exposure through color 
filters. The disadvantages of contact screens are 
that they are easily scratched or damaged in han- 
dling and that they cannot be used for color re- 
productions. 

Contact screens differ in construction and prin- 
ciple from the glass halftone screen. Their dots 
are viginetted (of variable density) instead of 
opaque and the screens are used in contact with 
the negative. 

A fine-line halftone screen is very expensive, due 
to the high quality of the glass and the precision 
necessary to properly etch the lines. The screen 
should be kept in its case at all times when not 
actually in use. Handle the screen as you would 
a fine lens — if it is necessary to clean it, use lens 
tissue or a very soft cloth. Handle it by the edges to 
prevent fingermarking. Do not allow it to become 
wet as moisture may seep between the glass plates, 
causing bubbles and eventual separation. 


DUPLICATION OF NEGATIVES 
Reasons for Duplicating Negatives 


A negative may be duplicated to have a reserve 
negative in case the original is lost or damaged. 
This is especially important when it is impossible 
to make a new negative by rephotographing the 
subject. 

Duplicate negatives facilitate the making of large 
numbers of prints. When it is necessary to make 
large numbers of prints, it is often advisable to 
make several duplicate negatives. These can then 
be printed simultaneously by several printers. 

Duplicate negatives are often required. for dis- 
tribution. There are many times when it is de- 
sired to distribute negatives for printing in differ- 
ent locations. The desired number of duplicate 
negatives can be made and distributed where de- 
sired. It is often necessary in Air Force photog- 
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raphy to send duplicate negatives to different sta- 
tions for making prints to be used for instructional 
or publicity purposes. 

Defects in negatives can often be corrected dur- 
ing duplication. Many negatives are of incorrect 
density or contrast. Other negatives are of a type 
which would require much dodging when prints 
are made from them. Such defects may be correct- 
ed when making a duplicate negative. Another 
type of negative that can be improved by duplica- 
tion is one which must undergo a large amount 
of etching. Etching is a difficult operation for many 
photographic technicians. To avoid the necessity 
of etching, a positive can be made from the nega- 
tive. The parts of the positive which correspond 
to the areas of the negative which need etching 
can be retouched. This will give the same effect 
as etching the negatives. 

A positive can be made from a negative or a 
negative from a positive by any of the following 
methods: using a contact printer, projection print- 
er, or a camera. 

CONTACT PRINTING. If a duplicate is to be the 
same size as the negative it may be made by con- 
tact printing. Since film emulsions are much more 
sensitive to light than paper emulsions, the intens- 
ity of the printing light must be reduced. This can 
be done by placing a white blotter or similar ma- 
terial over the ground glass of the printer. When 
It is desired to dodge the negative, any method 
practiced in contact printing can be used. 

PROJECTION PRINTING. When it is desired to 
make a duplicate negative of a size different from 
that of the original, the duplicate can be made on 
a projection printer. Generally the printer lens can 
be stopped down to give a long enough exposure 
for most film. Dodging is more easily accomplished 
in projection printing than in contact printing. 

PHOTOGRAPHING THE NEGATIVE. This method 
generally takes more time than the other two 


SCREEN DISTANCE 


Screen distance to 
ruling (inches) 


*Distance to glass 
surface (inches) 


*This assumes an average cover-glass thickness of 3/32 inch. This is an optical equivalent to approxi- 
mately ¥@ inch air distance because the refractive index of glass is approximately 1! that for air. 
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Fig. 96. Making Lantern Slides with the Camera 


methods. Exposure can be controlled to a great 
extent, but the illumination behind the negative 
must be at even intensity. 

The film best suited for duplicating negatives 
is one that is fairly slow and is capable of repro- 
ducing a long density gradation. If available, a di- 
rect printing or reversal film may be used. 


LANTERN AND FILM SLIDES 


Lantern slides are transparencies and are usual- 
ly viewed by projecting the image. Plates used to 
make lantern slides are thin glass coated with a 
bromo-chloride emulsion. Standard projectors are 
designed for two sizes of lantern slides, 2 inches x 
2 inches and 31% inches x 4 inches. Since these are 
outside dimensions and the slide is masked, these 
dimensions do not represent the usable area of the 
slide. The subject must be kept within the usable 
area. The usual masking is 1/2 inch on each end 
and % inch on each side. 

Lantern slide plates are non-color sensitive and 
are available in various contrasts. Plates may be 
developed under any safelight used for contact 
printing, preferably a Series OA safelight. A film 
slide is a positive transparency mounted between 
two pieces of thin glass. Film and lantern slides 
may be made from negatives or from positives. If 
made from a positive, an intermediate negative 
must be made or a reversal emulsion used. Slides 
may be made by contact printing, projection print- 
ing, copying the negative, or copying the print. 
See Fig. 96. 

The choice of developer for processing the slide 
depends on the results desired. For normal con- 
trast, develop in a 1:2 dilution of D-72 for 3 min- 
utes at 68° F. For higher contrast, develop in D-11 
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for 3 to 4 minutes at 68° F. In processing, care 
must be taken not to rub the emulsion side of the 
slide. Agitation must be constant to keep air bells 
from forming. After development, the slide should 
be rinsed in clean water for about 1 minute. It 
should then be fixed for twice the time it takes to 
clear. Washing for 20 minutes in running water is 
recommended; care should be taken to keep the 
emulsion surface from touching either the sides of 
the tray or another slide. The slide should be 
swabbed and placed in a special rack to dry. When 
the slide is dry, it is ready for masking and binding. 

If titling is necessary, the titling strip may either 
be inserted before binding the slide, or be printed 
directly on the slide during exposure. Ready cut 
masks are available in various sizes. After masking, 
a cover glass is placed over the emulsion side of 
the slide and the two glasses are bound together 
with black, lantern-slide binding tape. An identi- 
fication dot is placed on the finished slide. When 
the image is in an upright position, the dot 1s 
in the lower left hand corner of the emulsion side. 
This is known as the operator’s “thumb spot”; it 
is used to facilitate proper insertion of slides in the 
projector. 


Micro-copies 

A micro-copy is a miniature-sized reproduction. 
Micro-copies are essentially film slides and are used 
to project an image in much the same manner as 
lantern slides. Although they may be made on any 
small emulsion surface, they are generally photo- 
graphed on standard-size 16-mm and 35-mm mo- 
tion picture positive film. Emulsions of special col- 


or sensitivity, speed, and resolving power are man- 
ufactured for the purpose. 





RETOUCHING 


The purpose of hand work on negatives is to 
correct defects and make improvements so that the 
negative will be in the best possible condition for 
printing. In addition to hand work on the nega- 
tive, the prints may require spotting and sometimes 
even etching. To make a final print that will meet 
the desired requirements, it is essential that the 
photographer acquire a practical knowledge of the 
techniques and various processes involved. The 
four phases of hand work on negatives are retouch- 
ing, etching, spotting, and blocking. 

Retouching is one important phase of hand 
work and etching is another, but the two are closely 
connected. In fact, some negatives require a 
combination of both. 

Contrary to common belief, retouching is not 
confined to portrait negatives alone. Commercial 
photographers, artists, photo-engravers, and espe- 
cially those whose work includes the reproduc- 
tion of old or damaged pictures must possess a 
working knowledge of the art or be dependent up- 
on others. 


Skill of the Retoucher 


The skilled retoucher must not only know how 
to use the required tools, but he must also know 
what to retouch. The best retouching is accom- 
plished when the least possible work is done on the 
negative to attain the correct results. Many re- 
touchers, in their effort to accomplish what they 
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handwork 
on negatives 
and prints 


think is a good job, do far too much work on 
the negative. The result, in the finished print, 1s 
an effect known as over-retouching. An example 
of this is stipple retouching, whereby every part 
of the negative is retouched, whether it needs it 
or not. Stipple retouching destroys the character 
lines of the face and results in a grainy or leathery 
skin texture. It also destroys much of the modeling 
produced by the lighting of the subject. For best 
results, character lines in the features of older peo- 
ple should never be entirely removed. Negatives of 
young persons and children seldom need any re- 
touching except to remove some small blemish. 
While it is true that the position of the modeling 
light in portraiture often produces some exaggera- 
tion of lines and facial contours, only the retouch- 
ing necessary to bring the lines and contours back 
to normal should be resorted to. 

Hard or angular edges of highlights against half- 
tones or shadows require correct blending or soften- 
ing to prevent them from causing a distracting in- 
fluence in the finished picture. The shadow or thin 
areas in the negative may require a moderate 
amount of increased density or building up. 

Substitute gadgets, such as masks, screens, and 
diffusers, are offered for sale, but there is no known 
substitute for the art of the skilled retoucher. It is 
recommended, however, that portrait prints be giv- 
en a slight degree of diffusion. As small negatives 
can be enlarged several diameters and still retain 
their contact print sharpness, the diffusion is used 
to minimize harshness of detail in the enlarged 
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print and to soften the appearance of the grainy 
effect often produced in the retouching. Diffusion 
must never be used as a substitute for retouching 
to an extent that the print will have a fuzzy ap- 
pearance. An excellent diffuser can be made from 
the cellophane wrapping of a cigarette package 
by crumpling it slightly and afterwards flattening 
it out. The cellophane is then held an inch or two 
in front of the lens during all or part of the ex- 
posure, according to the degree of diffusion desired. 
Cellophane does not require an increase in the ex- 
posure or cause any distortion in the printed 
image. 

There are several items of equipment and ma- 
terial that are essential for retouching. These in- 
clude: 

Harp LEAD PENCILS. A 3H pencil is used on 
etched areas to restore parts that may have been 
etched too much or are uneven. It is also used in 
all cases where only the thinnest coating of lead 
is required. In glossy print spotting, it is used for 
eliminating a white spot in a highlight area. 

The 2H pencil is generally used for all average 
work on negatives. It is a good pencil for acquiring 
speed in retouching. It gives-‘a heavier coating of 
lead than a 3H for the same degree of touch. 

An H pencil is a good build-up pencil for the 
lighter areas of negatives, such as moderate shad- 
ows. It gives a heavier coating of lead than a 2H 
for the same degree of touch. It is used largely by 
experienced retouchers for speed. For glossy-print 
spotting, it is used in halftone and light shadow 
areas. 

The HB pencil is used for speed and build-up 
on fairly dense negatives which require a greater 
application of lead than would be accomplished 
with the 2H or H pencils. It gives a heavier coat- 
ing of lead than an H for the same degree of touch. 
For glossy-print spotting, it is used in medium to 
heavy shadow areas. 

SOFT LEAD PENCILS. The 1B pencil is generally 
considered as the limit in lead softness for nega- 
tive retouching. Its application is similar to HB 
except that it gives a heavier coating of lead for 
the same degree of touch. 


The 2B and 3B pencils are used in spotting 
glossy prints to eliminate white spots in very dark 
to black areas. 

FABER “Mongol” Indelible Black No. 849 or No. 
949 is used with slight moisture either on the print 
or point of pencil. It is ideal for eliminating white 
spots on black background in glossy, matte, or 
semimatte prints. 
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CRAYON PENCILS. These are hard crayon pencils 
of varying degrees of hardness. This type of pencil 
is used for spotting matte and semimatte prints be- 
cause it leaves a dull mark as distinguished from 
the shiny mark produced by a lead pencil. 

The hardness or softness of a crayon pen- 
cil can be determined by examining one 
end. The larger the diameter of the cray- 
on, the softer its composition. 

MISCELLANEOUS EQUIPMENT. There should be a 
magnifying glass preferably 2'42- to 3-inch diameter 
and 3- or 4-inch focal length at maximum magnifi- 
cation. The use of this facilitates fine retouching 
and avoids eyestrain because the work is visually 
enlarged. Another excellent type of magnifier 1s 
the spectacle kind. This can be worn in the same 
manner as glasses or over glasses, leaving both 
hands free. 

The kit should include a mapping pen (steel 
No. 102 round point preferred). This pen is used 
for spotting out “pinholes” in negatives. 

There should be a bottle of Webster 1A red dye. 
This dye is used for spotting and blocking nega- 
tives. 

The offset transparent ruler should be about 1 
by 6 inches, with one end cut to a 45° angle. This 
can be made by welding two strips of celluloid to- 
gether with acetone, with about 1/16 inch allowed 
for offset. It is used with ink or dye for sketching 
or for drawing a name or title on a print or mount. 
The celluloid used for the strips should be thick 
enough that the ruler will be fairly rigid when com- 
pleted. Two such rulers, with one end of each cut 
to a 45° angle, are useful in drawing a square. 

There should be one set of Eastman Spotting 
Colors. These are used for spotting prints when it 
is desired to match the spot with the same shade as 
the surrounding area. They are used mostly for 
spotting in varying shades of gray or sepia. 

The kit should include No. 00 and No. 1 fine 
sable artist’s spotting brushes (very small). 

There should be a No. 1 or No. 2 sable brush, 
cut square to half its length. This is used as a stip- 
pling brush for handwork on prints to tone down 
moderate-size highlights. This would take much 
time and be very difficult to do with a pencil. The 
material used with the stippling brush is finely 
ground lead obtained from the sandpaper pencil 
sharpener. Large highlight areas are best toned 
down with neutral oil color. 

There should be two etching knives — one for 
negatives and one for prints. The use of etching 
knives is described later in this chapter. Another 


“knife,” made by mounting a medium-sized needle 
in a handle, is very useful for etching out very fine 
lines which have become slightly blocked in copy- 
ing a line drawing. 

A small oil stone is used for sharpening etching 
knives. 

A small oil can (sewing machine type) is used 
for retouching varnish. The can should be plain 
metal — not copper coated. This is the most con- 
venient container for applying the varnish in drops. 
A medicine dropper may be substituted in this 
case. 

There should be one roll or package of the best 
absorbent cotton. The cotton is used for applying 
retouching varnish to negatives and glossy prints 
and for dye blocking on negatives. 

A sheet of fine sandpaper (No. 00) is used for 
sharpening pencils. Cut the sheet into strips 114 
by 6 inches and mount a few strips on heavy card- 
board or wood for convenient handling. 

The retouching desk or easel should be of the 
type which can be illuminated. 

A few wooden toothpicks should also be includ- 
ed in the equipment. 

Retouching equipment such as pencils and etch- 
ing tools (Fig. 97) should be kept in a proper 
container. A child’s school pencil box of good qual- 
ity and with a snap fastener is quite suitable for 
this purpose. 

THE TECHNIQUE OF RETOUCHING. Before re- 
touching a portrait negative, the first essential is a 
print of sufficient density to record fully all possi- 
ble detail in the negative. The next step is to study 
this print carefully to determine what areas, if any, 
need retouching. The following examples are listed 
to serve as a guide in studying the print. 

Blemishes such as pimples, freckles, scratches, 
scars, moles, and birthmarks should be removed un- 
less otherwise ordered. 

The correct lighting of the subject to produce 
essential modeling often causes an exaggeration of 
facial lines. These lines should be modified to their 
natural appearance, but most of them should never 
be removed entirely unless the request is made that 
the subject appear many years younger than time 
has made him or her. The following lines should 
be carefully considered: 

Lines turning downward from the corners of the 
mouth. 

Lines on each side of the nose extending to the 
corners of the mouth. 

Lines under the eyes. 

Lines running from the outer corner of each eye 
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(commonly known as crow’s feet). 

Forehead wrinkles. 

Lines between the eyebrows, extending upward 
to the forehead. 

Corners of eyes nearest the nose, especially on 
the shadow side of the nose. 

Neck lines. 

Double chin lines. 

Double chin lines must be handled with con- 
siderable discretion. In most cases no attempt 
should be made to eliminate this feature by etch- 
ing. Any highlights which appear to exaggerate 
the feature may be toned down during projection 
printing or by use of the stippling brush on the 
finished print. 

The minute points of light in each eye are 
known as the “catchlights.” These are of great im- 
portance in giving the effect of life or sparkle to 
the eyes. When two lights have been used for illu- 
mination of the subject, usually there will be two 
catchlights in each eye. One of these is unnecessary 
and is best removed with an etching knife. Etch- 
ing is taken up later in this discussion. Spotting out 
the catchlights in each print means quite a bit of ex- 
tra work, especially if there are many prints. The 
true catchlights are those produced by the modeling 
light and are nearest the highlight side of the face. 
If either or both of these catchlights are missing, 
they should be inserted by retouching with one of 
the soft lead pencils. This requires a steady touch. 

After studying the negative prepare it for re- 
touching by applying retouching varnish. This is 
sometimes called doping the negative. Only four 
drops are required on the emulsion side of a 4 by 5 
negative. Rub the varnish out in a circular motion 
over the entire negative until dry. 

If the retouching is to be heavy in spots and re- 
quires more lead than the doped negative can take 
on the emulsion side, the varnish may also be ap- 
plied to the back. Since there is no emulsion on 
the back of the negative, a heavier application of 
the varnish is necessary. Double the amount of 
varnish is applied, but it is not rubbed out until 
dry. It is spread with the cotton and then given 
time to dry naturally. The negative should always 
be laid on a clean, flat surface, preferably on a sheet 
of white paper. 

Use a soft lead pencil or crayon when re- 
touching on the back of the negative. 

After applying the varnish, the retouching pen- 
cils should be sharpened. To do good work it is 
essential that the lead be drawn out to a finely 
tapered point. 
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Fig. 97. Retouching Equipment 


124 


With the reference print in view, the negative 
doped, and the pencil ready, the next step is to 
set up the retouching desk or easel. The folding 
type of small desk with a tilting mirror is recom- 
mended. The mirror is used only for daylight re- 
touching near a window; its use is not very satis- 
factory. The best illumination is obtained by using 
a 40-watt light bulb, which offers the advantage 
of being easy to regulate in light intensity for thin 
or dense negatives by increasing or decreasing its 
distance. The first step is to release the knurled 
knobs and open the desk, usually to its limit. Then 
place a pad of paper on the mirror and the light 
bulb on the paper. The paper prevents the heat 
from cracking the mirror. The bulb may be taped 
to the back of the desk frame, but this is less con- 
venient in case it becomes necessary to move the 
bulb. 

A sheet of heavy cardboard or plywood, with a 
hole about 214 inches in diameter, should be cut 
to fit over the front of the diffusing glass. This 
confines the illumination to a small area and pre- 
vents glare on the eyes. It also holds the negative 
a little distance away from the ground glass so 
that roughness or air bells in the glass will not be 
mistaken for defects in the negative. If the dif- 
fusing glass is very rough, it should be reground to 
a smoother finish with No. 600 carborundum. 

Two triangular sheets of black paper should be 
cut to fit the sides of the desk. These prevent side- 
light from reaching the negative. The desk should 
be set up in such a manner that no light of any 
consequence is coming from behind the operator. 
The negative is then pinned over the hole in the 
cardboard. It is pinned by one corner only so that 
it can be readily moved from one position to an- 
other. 


THE RETOUCHING STROKES. The best retouch- 
ers — these who have acquired speed and do the 
finest work — use only two main strokes. A third 
but less important stroke will be explained later. To 
acquire speed and efficiency, the student should 
daily practice both strokes on a sheet of paper or 
a negative. He should continue this practice until 
he can change from one stroke to the other and 
reverse either one without lifting the pencil from 
the surface. The important thing to remember in 
speedy, yet good, retouching is to keep the pencil 
on the negative and not break contact until the 
area being worked upon is completed. Whichever 
stroke is used, it is important that the pencil be 
kept in fairly rapid motion, with considerable 
rhythm. — - 
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Other strokes or markings, such as dots, com- 
mas, x’s, and single lines, are used mostly by re- 
touchers who have not acquired mastery of these 
two main strokes and thus are slow and somewhat 
rough retouchers. The first of the two main strokes 
is the long figure 8. This is used on lines and fairly 
large areas. The other is the small oval which is 
used on spots, such as freckles and pimples, and 
for finishing the ends of lines on which the long 
figure 8 has been used. It should be remembered 
that both of the above strokes are overlapping and 
interchangeable, one for the other, according to 
the nature of the area being retouched. These 
strokes, illustrated in Fig. 98, should be practiced 
daily until proficiency is acquired. Start with a 
large stroke and gradually work down to a minute 
circle or line, as shown in the illustrations. 

The third, but seldom used stroke, is the line. 
It also overlaps itself progressively as it is extended 
in a side-to-side motion. It is used on very narrow 
or hairlike areas when the other two strokes tend 
to cover more space than it is desired to fill in. 
This stroke, if used in a vertical direction, might 
be called a push-pull stroke. The vertical stroke, 
however, is not nearly as easy to control as the 
horizontal side-to-side stroke. In fact, the best re- 
sults in any retouching are obtained when moving 
the pencil in a horizontal direction. The reason for 
this is that the fingers do not have to be flexed 
and unflexed to as great a degree as with any ver- 
tical movement of the pencil. Such flexing and un- 
flexing cause the operator to lose much of the con- 
trol that is so important to good retouching. The 
loss of this control makes it more difficult to keep 
the pencil point within the limits of the area to be 
filled in. 
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Fig. 98. Retouching Strokes 


APPLICATION. Preparatory to the actual retouch- 
ing, pin the negative by one corner over the hole 
in the card and place the light so that the negative 
is brilliantly idluminated. Take the magnifying 
glass and examine the part under consideration to 
see if it has the best possible illumination. If not, 
move the light closer or use a larger bulb. With 
the proper combination of light and magnifying 
glass, the retoucher is assured of freedom from eye- 
strain. The only reason that some retouchers suffer 
eyestrain is because they do not have proper work- 
ing conditions. This is like trying to read a news- 
paper by insufficient light. 

Now place a sheet of paper under the hand to 
prevent it from coming in contact with and mark- 
ing the negative. Always begin at the top of the 
negative and work down. As discussed previously, 
in modifying or removing lines, it is important to 
‘work along the line or in a horizontal direction. 
Never work over a line vertically. This explains the 
reason for pinning the negative by only one corner 
— so that its position can be changed quickly. 
Hold the pencil easily or lightly between the thumb 
and forefinger and grip it at least 2!4 inches from 
the point. This is very important in order to per- 
mit freedom of movement. If the pencil were held 
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too close to the point, the movement would be 
cramped. Without free movement, speed in re- 
touching will never be acquired. Good retouching 
with speed is dependent upon a light touch and 
keeping the pencil point moving rapidly over the 
particular area in a swinging or curving motion. 
When using either the figure 8 or oval strokes, 
it is best to begin near the center of the area and 
work toward each end. Begin on forehead lines, 
if any, then follow on down the negative, bearing 
in mind the lines and defects previously listed. 
The appropriate pencil must be selected for each 
area to be retouched. Thin or light parts of the 
negative — parts which contain very little silver 
deposit — require a much softer pencil than parts 
in the denser areas. Fine retouching requires that 
the lead be applied as quickly as possible. For in- 
stance, if a hard pencil is used to place lead in a 
thin area, it will be found that the lead does not 
“take” properly, and continued pressure on the 
pencil will only rub off the retouching varnish and 
accomplish nothing. On the other hand, if a softer 
pencil is used on the thin area, the “tooth’”’ which 
the retouching varnish provides will at once grip 
the lead, and the required amount of filling in 
on the area can be accomplished without too much 


pressure. When the lead is correctly applied in re- 
touching, examination of the negative should re- 
veal the following characteristics: 

By transmitted light the lead is invisible. If the 
marks do appear, they will also register as marks 
in the print. 

By reflected light the lead should have a more 
or less dull appearance. If it appears shiny or pol- 
ished, it has been rubbed on the negative with too 
much pressure. This would not have been necessary 
if the right pencil had been selected for the work. 
The retouching varnish will only absorb or hold a 
certain amount of lead. After the saturation point 
has been reached, further application will result in 
removing any lead already on the area or, worse 
still, in rolling the lead into small lumps. 

JUDGING THE WORK AND CORRECTING ERRORS. 
The retoucher is the judge of his own work. To 
evaluate the effects correctly, it is necessary to make 
prints at intervals as the work proceeds. A print- 
ing-out paper may be used if more convenient. 
Several prints may be required even by the expe- 
rienced retoucher. It is one thing to look at the 
negative, but the final test is how it prints and 
how that print shows improvement over the orig- 
inal. In this manner only; can the progress made 
actually be seen. 

If any subsequent prints reveal errors, it will not 
be necessary to clean off the negative entirely be- 
cause the error can usually be locally corrected. 
To do this, place the negative on the retouching 
desk, and, with a toothpick, apply a fraction of a 
drop of retouching varnish to the part requiring 
correction. Then immediately wipe off the varnish 
with a tuft of cotton, preferably wound on the 
end of another toothpick. The area is now ready 
for the alteration. In some instances it may be de- 
sirable to do more correcting than can be accom- 
plished on the emulsion side of the negative. In 
this case the negative may be doped on the back 
either completely or locally by following the pro- 
cedure previously explained. 


ETCHING OF NEGATIVES 


Negatives are etched for the purpose of elimi- 
nating or altering some area of the silver deposit 
which forms the image. 

Many of the items of equipment and materials 
used in retouching — pencils, crayons, retouching 
desk, and varnish — are also used in etching. The 
principal piece of equipment for etching is the 
etching knife. 


Two etching knives are necessary, one for nega- 
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tives and the other for prints. These should never 
be used interchangeably and should not be used for 
any purpose other than etching. It is essential that 
the cutting edge of the blade be hand finished and 
polished to a razor-like sharpness to permit the re- 
moval of the emulsion without scratching. In fact, 
the correct etching knife must remove the emul- 
sion as smoothly as a pencil applies the lead. This 
definitely can be accomplished. The etching knife, 
therefore, requires as light handling as the retouch- 
ing pencil. A good grade, slow-cutting stone of the 
same type used by barbers for honing a razor is 
excellent for the final sharpening of an etching 
knife. If an oil stone is preferred, the hard Arkansas 
brand is recommended. 


The Technique of Etching 


The retouching desk should be set up as pre- 
viously described and the negative attached to the 
cardboard by one corner, securing the best possible 
illumination of the part to be etched. Remember 
that the negative is doped after etching, not be- 
fore. The knife should be tested on a corner of 
the negative to make sure that it will shave smooth- 
ly and not scratch. 

Hold the blade so that its cutting edge is ap- 
proximately perpendicular to the surface of the 
negative. The best stroke is one in a short, one- 
way direction about ' inch in length and prefer- 
ably from right to left. Each stroke should be sepa- 
rate. Do not use the knife like a pencil eraser — 
with a side to side movement. 

Begin etching out the part very lightly. When 
it is found that the blade is taking a grip on the 
emulsion, it is permissible to exert a little more 
pressure. The best possible etching ts accomplished 
by using many light strokes rather than a few 
heavy strokes. 

In actual practice it is generally found that a 
little more emulsion is etched off the negative than 
necessary, leaving the etched area too thin. This 
overetching can be corrected by retouching the 
area back to the desired density. For this reason, 
the negative is doped after the etching has been 
completed. 

In working with film, the surface of which is not 
ordinarily rigid, it is best to etch small areas at a 
time. 

It is advisable to examine a print from the nega- 
tive to see if it would not be better to spot the 
print than to etch the negative. This might be more 
satisfactory when only a few prints are required. 
However, for large numbers of prints, the time nec- 
essary to spot each one, makes etching preferable. 
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SPOTTING NEGATIVES 


Ordinarily spotting refers to the practice of 
eliminating “pinholes” in the emulsion. If these 
pinholes were not removed, they would appear as 
block blotches in a projection print or enlargement. 
However, the term spotting also includes the elim- 
ination of dust marks, lint, small hairs, and scratch- 
es, which — in spite of the best care — often appear 
in negatives. 

The materials used for spotting negatives are 
as follows: 

Mapping pen — a very fine pen point in a holder. 

Fine pointed artist’s sable brush (No. 00 or 

No. 1). 

Opaque, spotting colors or any of the light-re- 

sistant compounds made for the purpose. 


Webster’s 1A Red Dye 


For spotting pinholes, the mapping pen and 
Webster’s 1A red dye are very satisfactory. Since the 
pen point is very sharp, it has a tendency to pick 
up minute pieces of gelatin from the film, but 
with proper care in keeping the point clean, excel- 
lent work can be quickly accomplished. 


For those who prefer using a fine-pointed brush 


with the opaque materials, the work of spotting 
is more difficult, due to the flexibility of the brush. 
Another objection to the brush is that the opaque 
on the fine point often dries between the time the 
brush is dipped in the material and the time it 
is applied to the negative. 


Technique of Spotting 


Place the negative on a well-illuminated surface, 
emulsion side down. A printer or plotting table may 
be used. Use the magnifying glass. Dip the map- 
ping pen point in the dye and lightly touch the 
spot on the back of the negative. If this operation 
is carefully performed, the dye can be confined to 
the spot without spreading over the surrounding 
area. This would be much more difficult to accom- 
plish by spotting with the brush. If the pinhole is 
spotted with dye on the emulsion side of the nega- 
tive, the dye will be drawn by capillary attraction 
toward the edges of the hole, leaving the pinhole 
still uncovered. Scratches and dust marks are treat- 
ed in the same manner. 


Results of Negative Spotting 


The objective in spotting is to make the area 
spotted light-resistant; thus, instead of appearing 


as a black mark on the print, the spot is white. 
Then the white spot is subsequently eliminated in 
the print according to a technique explained lat- 
er in the chapter. If a pinhole has been accidental- 
ly missed while spotting the negative, it appears as 
a black spot in the print. This spot is best removed 
by the use of the print etching knife. 


BLOCKING NEGATIVES 


The term “blocking” means the elimination of 
some part cf a negative image, such as an objec- 
tionable background, by covering the undesirable 
portion with a light-resistant dye or opaque com- 
pound. When such a procedure is used, the blocked 
out portion appears as white in the print. 

In addition to the materials listed for spotting, 
the following are required: 

One roll of absorbent cotton. 


| 





Fig. 99. Cotton Stumps 


A few wooden sticks or skewers, drawn to a long 
taper with the points slightly blunted (Fig. 99). 
One sable artist’s brush, No. 6 or larger. 
The Technique of Blocking 


Place the negative on a well-illuminated surface, 


a 


such as a printer or a plotting table. It is generally 
advisable to block on the back of the negative to 
avoid possible scratching of the emulsion. How- 
ever, if proper care is exercised, the negative may 
be blocked on the emulsion side or on both sides 
if necessary. 


APPLICATION OF THE DYE. Dip the cotton stump 
(Fig. 99) to about half its lenght in the Webster’s 
1A red dye. Apply the wet dye stump to the out- 
line of the image, using short, side to side strokes. 
Allow sufficient time for the gelatin to become sat- 
urated with the dye. With a little practice, it is 
comparatively easy to follow the outline accurate- 
ly. The stump is rigid and is used in the same 
manner as a pencil or crayon. If the background 
to be blocked out is very thin with practically no 
silver deposit and the image is quite dense and re- 
quires a long exposure (in other words the nega- 
tive is very contrasty ), it may be necessary to block 
out on both sides of the negative to prevent the 
light from breaking through the dye during the 
long exposure. However, this would be an excep- 
tional case or one in which it is desired to change 
the background in the print to white instead of 
black as it would normally appear. Areas and an- 
gles which may be too narrow for the dye stump 
can be filled in by using the mapping pen. In fact, 
some operators prefer to use the pen for outlining 
work. After completing the outline, the remainder 
of the negative is quickly blocked by the use of 
the larger brush saturated with the dye. Dye block- 
ing will not crack or flake off the negative — once 
it is applied, it is permanent. 


CORRECTION OF ERRORS WHEN USING DYE. Er- 
rors in blocking with Webster’s 1A red dye may be 
corrected by removing all or part of the dye. To 
remove only a slight amount of the dye, rub light- 
ly with a cotton stump dipped in clean water. 
To remove more or all the dye, use a 10% solution 
of sodium sulfite instead of water. When applying 
the dye or using any liquid to remove the dye from 
the emulsion side of the negative, a slight touch is 
essential; otherwise the emulsion may be rubbed 
off the film base. If a heavy deposit of this dye 
is to be removed, the best practice is to soak the 
negative in a 10% sodium sulfite solution with 
moderate agitation until the red color and the re- 
sulting yellow stain both disappear. After the treat- 
ment is completed, wash the negative in running 
water for at least five minutes before drying. The 
negative will then be free from all trace of the dye 
and the work may be started again. 
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PRINT SPOTTING 


Prints are spotted to eliminate white or gray 
marks caused by dust, lint, and other similar par- 
ticles which may adhere to the negative. Spots may 
also be caused by minute defects in the emulsion. 
In the prints such markings range in tone from 
white to dark gray; the technique of removing 
them varies accordingly. All print surfaces from 
ferrotype glossy to dull matte may be spotted. Spot- 
ting is necessary to some extent in the majority of 
prints. Spotting is also practiced for the purpose of 
correcting or toning down certain areas, such as 
highlights, which appear too bright in a print, and 
which would be difficult to remove from the nega- 
tive by etching. For small areas this toning down 
can be done with a spotting pencil, but for larger 
areas the use of the stippling brush is recommend- 
ed. For areas still larger, use neutral color ar black 
as explained in oil coloring. The materials used in 
print spotting are the same as those listed for neg- 
ative retouching. 


The Technique of Spotting Glossy Prints 


With glossy surfaces, especially ferrotype finish, 
ordinary lead and crayon pencils cannot be de- 
pended upon without first doping the surface to 
create a “tooth” for the pencil. If the spotting 1s 
to be heavy, as would be required if the print con- 
tained white spots on a dark background, semi- 
matte and luster surfaces should also be doped for 
spotting. 

The lighter the spot and the darker the area sur- 
rounding it, the softer will be the pencil required 
to eliminate it. For example, a white spot in a high- 
light area should yield easily to the application of 
a 3H pencil on a glossy doped surface. A white 
spot in a dark gray area may require a 3B pencil 
or a medium-hard crayon to make it disappear. 


The Technique for Spotting Semimatte 
and Matte Prints 


Prints that are not glossy surfaced (natural or 
ferrotype finish) are usually classified as semi- 
matte or matte. The general distinction between 
semimatte and matte surfaces is that the semimatte 
has a slight sheen (less than glossy) while a matte 
surface is completely dull. Under the semimatte 
classification come the luster surfaces, which are 
described as smooth luster, rough luster, silk, linen, 
crystal, etc. 
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Some semimatte surfaces are so smooth that they 
very nearly approach a natural gloss finish. If the 
required spotting is light and there are no white 
spots in shadow or halftone areas, the softer grades 
of pencils — ranging from 1B to the black crayons 
— may suffice for spotting such surfaces. 

The spotting of matte prints is comparatively 
simple, due to the natural “tooth” surface of the 
emulsion. There is one important precaution —-— 
never use a lead pencil on a matte surface. It will 
leave a bright metallic mark, which usually appears 
more prominent than the spot. Black crayon pen- 
cils, which are made in varying degrees of hard- 
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ness, will be found most useful for spotting matte 
prints. For white spots in shadow areas (high con- 
trast) use a soft crayon pencil. In all cases use 
the appropriate pencil with as light a touch as 
possible. 

SPOTTING SEPIA PRINTS. For semimatte and 
matte sepia prints, the crayon type pencils may be 
obtained in varying shades of brown. The spot- 
ting procedure is the same as explained above for 
black and white. For toned prints of other than 
sepia color, the appropriate colored crayon pencil 
can usually be obtained from an art dealer. 





NATURE OF COLOR 


Color is a personal impression produced by 
the response of vision to various wavelengths of 
visible light. It is a form of radiant energy which 
is converted to visual use by the eyes, nerves, and 
brain. 

Since the beginning of practical photography 
about a century ago, experimenters and scientific 
investigators have continually improved the proc- 
esses used to reproduce color photographically. 
Notable progress has been made, and research 
will continue to improve on the many methods 
discovered. Basic principles have not changed, but 
new methods are simplifying and improving the 
present acceptable results, for color photography 
is still in the developmental stages. 


ADDITIVE COLOR PROCESSES 


In 1855, James Clerk Maxwell advanced the 
idea that color could be reproduced photographic- 
ally by using the divided spectrum — based on 
three primary colors which formed the basis of the 
Young-Helmholz theory of trichromatic vision. 
Maxwell proved this theory in 1861 by demon- 
strating to a group of scientists the first known 
exhibition of color photography. This is known as 
the Maxwell demonstration and at that time 
proved that color photography was possible. 

‘The Maxwell demonstration was the forerunner 
of all present color processes. His original expo- 
sures were made by using liquid filters to transmit 
the three basic primary colors. Separate negatives 
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color 
photography 


were made through blue, green, and red filters. 
Exposures were regulated to produce equal con- 
trast in all three negatives. The set of filtered or 
color separation negatives represented the pro- 
portionate ratio of primary colors — blue, green, 
and red — in the original subject. The green- 
filter negative was an image density record of all 
green in the original subject. The red and blue 
filter negatives furnished density records of all 
red and blue in the original scene. Each of these 
negatives was printed to produce a positive plate 
of the subject; printing time was held constant to 
maintain balanced color contrasts. 

Each positive was then projected through the 
same filter used to make the original separation 
negative or image record. With all three positives 
projected through the filters and with the pro- 
jected images in register, a photographic color 
reproduction of his original subject matter 
resulted. 

When a color-record negative is made through 
a contrast filter of a primary color — for example, 
a red filter — the resulting silver density repre- 
sents the quantity of red light reflected from that 
particular subject. A positive made from the 
color-record negative is composed of silver density 
which represents the other two primary colors. 
When viewed or projected through a red _ filter, 
the silver image density of this positive holds back 
red light from any area or portion of the subject 
which was not red. The projected image reaching 
the screen then represents all of the red in the 
original subject. 
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The success of Maxwell’s demonstration re- 
sulted from the combination of proportionate 
amounts of blue, green, and red (three separate 
quantities of primary colored lights) in register. 
Some records show that Maxwell had to employ 
a fourth positive to purify his red _ projection. 
This was because full color-sensitive emulsions 
were not available at that time. By exposing a 
negative through a yellow filter which absorbed 
blue and then projecting its corresponding posi- 
tive through the same filter he increased brilliance 
of the green and red images. 


Fig. 100. Additive Color Process 


This Maxwell principle can be shown equally 
well without a photographic image. When three 
partially overlapping circles of blue, green, and 
red light are projected on a white surface, the 
additive color process can be seen. (See Fig. 100). 
Where colors overlap, or add together, new colors 
which we know as secondaries appear in the 
region of overlap. It can be seen in Figure 100 
that a blue and green mixture causes a lighter 
tone, greenish-blue in color. The blue and green 
have combined, and the mixture of the two is 
called cyan. The blue and red combination 
shows as a reddish-blue or purple cast which 1s 
lighter in tone than either of the contributing 
colors. This mixture of red and blue light is 
called magenta. The other combination of primary 
colors is called yellow and is a mixture of red and 
green light. Where all three primary colors over- 


132 


lap, the overlap area is white. Its whiteness will 
depend on the brilliance of the projecting lights, 
reflective quality of the screen, and the color 
purity of the filters used for the experiment. 

‘An interesting experiment, which supports the 
trichromatic vision theory, can be performed with 
two deep-colored primary filters. Place an A-25 
(or F-29) red filter over one eye and a B-58 
(or N-61) green filter over the other eye. Looking 
through both filters simultaneously at a white 
wall or a neutral gray object does not produce 
the expected result of seeing two colors. The 
brain fuses the two separate colors, and the 
visual result is a pleasing yellow. 

Commercial application of Maxwell's discover- 
ies had to wait for additional developments. Better 
emulsions had to be discovered, practical filters 
had to be found, and the entire process had to be 
consolidated into a usable unit. 

An interesting sidelight on color photography 
made its appearance in 1862. Louis Ducos Du 
Hauren prepared and produced the _ theories 
which form the basis of all color processes in use 
at the present time. He outlined additive and 
subtractive processes, multilayered emulsions, and 
even the one-shot color camera principle. His 
thinking was far ahead of the field, however, and 
it was not until 1897 that much attention was 
paid to his disclosures. Since so many develop- 
ments originated from his scientific papers, he 
has become known as the father of color pho- 
tography. 


ADDITIVE SCREEN PROCESSES 


In 1907, the first screen process was presented 
for commercial use. This first color plate was 
produced from Du Hauren principles, patterned 
on the Maxwell Discoveries, and based on the 
three primary color principle of the Young- 
Helmholz theory. The Lumiere Autochrome Plate 
was an innovation. It offered direct color photog- 
raphy to the general public. This color pho- 
tography was accomplished by the additive proc- 
ess of color separation and reversal to permit 
positive transparencies to be made by any 
photographer. A simple explanation of the process 
follows. 

Starch grains were pulverized and divided into 
three equal portions. The three quantities were 
dyed with transparent colors of blue, green, and 
red; then dried and remixed. A glass plate was 
covered with a layer of these dyed starch grains. 
The grains were spread so thin that none were 


overlapped or superimposed, but the coating was 
made to cover the glass as completely as possible. 
This starch-grain layer was then machine rolled 
to insure close packing and even distribution. 
Lamp-black was then added to fill the spaces 
between the dyed starch grains. Waterproof varn- 
ish was applied to cover this filter layer. The 
emulsion was then coated over this varnished 
layer of minute three-color filters, and the plate 
was ready for exposure. The exposure had to be 
accomplished through the glass side of the plate 
to utilize the filtering action of the dyed starch 
grains. The lampblack prevented any exposure by 
light which had not passed through the starch 
grains. Development produced a normal black 
silver image with the following exceptions. 


Silver density occurred in the negative only 
where red light had penetrated the red filters, 
where blue light had passed through the blue 
filters, or where green light had exposed the 
emulsion after passing through the green filters. 
No exposure was recorded behind the spaces 
filled with lampblack. After the negative was 
developed, the silver image was bleached from 
the emulsion. This action left the clear gelatin in 
all areas that had been affected by light during 
exposure and unexposed silver halides in the 
remaining portions. 

That portion of the emulsion which was not 
used in producing the original negative density 
was then exposed to white light for the reversal 
exposure. Development created a positive silver 
image where the original exposure had not af- 
fected the emulsion. After drying, the transpar- 
ency was ready for viewing. When white light 
was transmitted through the color transparency, 
light was permitted to pass only through the 
colored starch filter which produced the original 
exposure. Red in the original subject was seen 
as red in the transparency because only the red 
filter remained in that particular spot. In this 
way, color was returned to the eye through the 
same filters which permitted light to reach the 
emulsion in the original exposure. 

All additive processes are based on this same 
principle. The processes can be classed into two 
groups — separable or inseparable filter grids. In 
the inseparable group there are: mosaic or ir- 
regular type of screen (as found in the Lumiere 
Autochrome, Filmcolor, and the Agfa color plate), 
and the regular or geometric filter grid (as found 
in Dufaycolor film). Separable geometric pattern 
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filters are found in the Finlay processes, where 
the grid may be used in conjunction with any 
panchromatic sheet film. The film is developed to 
a normal negative, printed to a positive, and then 
registered with a viewing screen to produce the 
colors of the original exposure. 


Until the appearance of more recent develop- 
ments in color photographic processes, these 
methods were acceptable; however, projection 
printing or viewing was not too practicable be- 
cause enlargement would bring the mosaic pat- 
tern or grid into visibility. Due to latest develop- 
ments, the additive processes have all but been 
abandoned for the subtractive color processes 
which are in common use today. 


SUBTRACTIVE COLOR PROCESSES 


In principle, the subtractive process is the re- 
verse of the additive process. Color is subtracted 
from white light to produce black (see Fig. 101). 
‘All color processes start with additive analysis. 
The principle will not change, regardless of which 
process is used. The initial primary color records 
can be made by exposing three separate sheets of 
film or three separate emulsion layers coated on 
a single sheet of film. When three separate ex- 
posures are made, one exposure is made through 
each of the primary filters. A one-shot camera ts 
designed to produce three separate, properly 
filtered exposures simultaneously. The present- 
day color film requires only one exposure to 
produce three color records on a single sheet of 
film. The result is the same, regardless of the 
method used. The negative made through the 
blue filter is the silver density record of all blue 
in the subject. A positive film printed from this 
blue record would have density in all areas where 
blue had not been recorded in the negative. There- 
fore, the density in the positive from the blue 
negative represents the amount of ycllow in the 
subject. Blue has been subtracted by the original 
negative density, and the positive represents 
yellow — the complement of blue. The subtrac- 
tion principle applies in the same manner to the 
other two primary color records. A positive from 
the green record represents the blue and red 
(magenta) in the subject, and the red record 
will print the cyan positive since red has been 
subtracted from the positive, leaving only blue 
and green. If the silver area of each positive 1s 
treated so that dye of the color complementary to 
the original filter replaces the silver, and all three 
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positives are superimposed or registered, the re- 
sult should be a transparency in color to represent 
the original subject. 


(SEN 


Fig. 101. Subtractive Color Process 


Actually, the subtractive method of color 
photography consists of making a set of three 
secondary color filters which will transmit the 
required colors and absorb those colors which 
were not recorded by the photographic image. 
These filters are selective since they have been 
made by the action of light. Further explanation 
of this method will be covered in the discussion 
of the Kodak Dye Transfer Process later in the 
chapter. 


LIGHT AS APPLIED TO 
COLOR PHOTOGRAPHY 


Description and Measurement of Light 


Light, as applied to our visual process, is a 
form of radiant energy. Only those wavelengths 
which enable us to see and distinguish objects 
can be called visible light. ‘Those areas of light we 
can not see (infrared and ultraviolet) are often 
called invisible light. Visible light is but a small 
portion of the giant radiant energy spectrum, 
and each division is classified according to its 
wavelength, frequency, and energy. Each group 
in the known parts of the radiant energy spectrum 
offers some specific advantage to man. Dis- 
coveries in this field have opened doors for the 
study of atomic energy in the very short wave- 
length groups. Radio telephone and _ telegraph 
discoveries use some of the longest wavelengths 


known. Some radiant energy waves in daily use 


~ exceed 20 miles in wavelength. 
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The proper use of light in color photography 
demands that the principle of wavelengths be 
understood and applied when using present-day 
color products. Unlike black and white emul- 
sions, color products properly reproduce 
color only when the light is in accurate balance 
for each particular emulsion. Certain portions of 
invisible light will also affect color emulsions. 
Both ultraviolet and infrared radiations will be 
recorded as visible color. Unless a specific balance 
of light is maintained, colors that are photo- 
graphically reproduced will not appear the same 
as they do under visual inspection of the original 
subject. 

Color does not exist except as a product of 
light, and colors change according to the various 
wavelengths of light which strike the subject. 
Light is the principal working tool for any pho- 
tographer. The black and white photographer is 
concerned primarily with the quantity of light; 
but for color photography, both wavelength and 
quantity are of maximum importance. 

In other chapters, speed and frequency of 
light have been presented; in this chapter, meas- 
urement of the various wavelengths must also be 
considered. Quality of light must be so that it can 
fit into the job of color photography. 

Figure 2 on page 4, shows the known divisions of 
the giant spectrum of radiant energy. It can be seen 
that normal vision responds to the band of 
wavelengths approximately 400 to 700 millimi- 
crons in length. This is our range of light. With- 
in this short range of wavelengths, all of our 
color sensations originate. When red and _ blue 
lights are combined to form a new color, a new 
wavelength is not produced; instead each color 
remains at its original frequency and wavelength. 
Actually our eyes are tricked into seeing a new 
color known as magenta. The human eye is a very 
poor optical instrument. It can not determine 
what spectral colors have been mixed to produce 
the optical sensation of a new color. 


Color Temperature Variations 


A working knowledge of color fundamentals 1s 
necessary to permit discussion and _ classification 
of the many different color combinations which 
are encountered in everyday living. Color 1s a 
personal sensation which may stimulate one in- 
dividual without having any particular effect on 
another person. The emotional influence of color 


is receiving the attention of scientific research, 
and the basis for any study of color must include 
a method of classification. The first basic group- 
ing was Newton’s discovery that spectral light 
consisted of seven visible divisions — violet, indi- 
go, blue, green, yellow, orange, and red. 

Classifications for color groups was instituted 
by William Thomson, Lord Kelvin, who developed 
the theory of color temperatures. His experiments 
were based on the fact that black is the absence 
of all color and that white is the presence of all 
colors. He used carbon as the basis for his com- 
parisons because of its ability to absorb light. He 
found that a body of carbon, when chilled to 
—273°C., did not reflect any light and was 
completely black. This point was selected as zero 
degrees Kelvin, and was the starting point for all 
Kelvin color temperature comparisons. As the 
carbon body was heated sufficiently for the first 
visible indication of red light to be apparent to 
the eye, the centigrade temperature of the carbon 
body, plus 273 degrees, was established as the 
Kelvin temperature for that color. Any light 
which matched that particular carbon red was 
assigned the same Kelvin temperature. As addi- 
tional heat was applied, the carbon finally reached 
the yellow, then the white hot, and finally the 
blue-white stage. The amount of heat necessary 
to cause the color of the carbon to match any 
color being tested was expressed in degrees Kelvin, 
and to this day the color temperature for that 
particular color remains constant. While this sys- 
tem is accurate for scientific classification of 
specific colors, it does not offer a_ practical 
method for the photographer to determine specif- 
ic colors. ‘The system will eventually be replaced 
by a substitute method. Even now, manufacturers 
are striving to drop Kelvin specifications. At best 
they can be only an approximation for general 
use. 


Color Quality and Composition Harmony 


Color enlivens everything about us. We use it 
to express our personality, attract attention, con- 
trol our actions, or quiet our nerves. It is used to 
create moods, increase production, and cure ail- 
ments. If a specific color is required to perform 
a certain function, a trade name can not ade- 
quately describe it. A standardized means of 
color comparison is definitely needed. To say that 
the lady wore a green coat would cause a hundred 
different impressions of the color of the green 
coat. Our commercial channels are in a chaos of 
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color trade-names, which are designed to create an 
emotional appeal to buy, rather than describe 
any specific color. The robin-egg blue of one 
manufacturer may be quite different from the 
color of the same name produced by another 
source. A method of accepted standardization is 
the only solution to the present state of confusion. 

The Munsell Color system is one type of 
planned attempt at solving this problem. It is 
based on scientific acceptance of the fact that any 
color has three constants — hue, value, and 
chroma. Hue is our color impression — whether 
a color is blue, green, or red, or a mixture of 
the various colors. Hue is the wavelength or 
combination of wavelengths which gives the eye 
an impression of a specific color. Value can be 
classified as a step wedge of brightness for that 
particular color. It is the brilliance or luminosity 
of the color, and can be graded in terms of its 
freedom from black. Chroma is the saturation 
and purity of the color and its freedom from 
white. 7 

When the primary and secondary colors are 
arranged in order of their hue, each color division 
can be accepted as the middle tone of that 
particular color. Addition of equal portions of 
black or white will change the chroma and value 
of the original. By arranging nine equal steps of 
brightness from the darkest distinguishable pat- 
tern to the lightest wedge of the same hue, the 
nine step wedges can be designated by their 
chroma and value. The number of the step then 
indicates the degree of color saturation. By the 
addition of black or white to the hue (original 
color) a vertical color pole is created showing 
nine steps of purity from black to white. Desig- 
nating a specific color by a number, such as 
Red 5, would mean the center wedge of the red 
section. Therefore, an indication of Red 5 would 
always mean exactly the same hue, value, and 
chroma, regardless of origin. The accepted 
method of designation is to consider any segment 
of the color wheel as normal. Any addition of 
white to that hue 5 of that color is called a 
tint (value); any step darker than hue 5 of the 
same color is called a shade (chroma). Use of 
various hues, tints, and shades of the many dif- 
ferent colors determines our ability to produce 
colors that will contrast or colors that will har- 
monize. There are a few basic rules which can 
govern proper use of the color wheel for any 
problem at hand. The color wheel is used as a 
guide to produce any desired effect. From any 
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point on the wheel, a line which bisects the circle 
will show the color which is in contrast with that 
color at the point of origin. When color con- 
trasts are needed, such as printing on a_ back- 
ground, or decoration to contrast with a wall 
area, the color wheel indicates which colors will 
give the greatest color contrast. The wheel is 
also used to indicate color harmony. Colors im- 
mediately adjacent to any selected segment of 
the wheel will be in harmony with the color of 
the selected segment. 

There are two general laws of color harmony. 
First, colors must be related to one another in 
some definite manner. Secondly, one color must 
dominate — for visual attention equal compe- 
tition between colors must be avoided. 

Simple color harmonies usually fall into one of 
four groups — a single hue with neutrals, 
monochromatic harmony, related harmony, and 
contrast. 

A real color discord is impossible when a single 
color is used with white, black, or gray. A warm 
color (on the red side) is generally most effective 
with black or dark grays, while a cool color (blue 
or cyan) is best when used with white or light 
grays. 

Monochromatic harmony is obtained by simul- 
taneous use of tints and shades of the same hue. 
With such combinations, discord is again impos- 
sible, except that one portion must predominate. 
Equal areas of either tints or shades tend to 
produce confusion. 

Those adjacent colors which appear side by 
side in the color wheel are said to be in related 
harmony. They combine easily because they have 
one color in common. In selecting hues for har- 
mony of this type, it is safe to stay within an 
angle of 90° on the color wheel. Unless hues have 
different values or chroma, color contrast will 
result instead of the desired related harmony. 

The use of contrasting or complementary hues 
makes very pleasing harmony under certain con- 
ditions. However, if complementary hues are used 
at full intensity and in equal parts, the effects 
are extremely unpleasant. Such a pair of hues at 
their maximum value produce the strongest pos- 
sible color contrast. They clash, vibrate, or oppose 
each other, depending upon how the effect is 
analyzed. When so associated in equal parts, each 
hue makes the other appear more intense than 
either appears by itself. If one color is altered in 
value or chroma, or given a smaller space, har- 
mony will be improved. 
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Colors with the longest wavelengths (red, 
orange, yellow) are the ones which attract the 
most attention. It is this psychological effect of 
color that nature uses for color combinations in 
such great abundance to produce the effect of 
harmony or contrast. The plumage of birds, and 
petals of flowers contain brilliant reds, yellows, 
and greens. Most foliage is green. The shorter 
wavelengths (blue, indigo, and violet) are found 
in much smaller amounts. Nature follows the 
spectral law of color, which requires that the 
ratio of any area be in inverse proportion to the 
wavelengths. Short wavelength colors must oc- 
cupy much greater areas when combined with 
warm or long wavelength colors. 

The same rules for using color apply wherever 
it is employed. It is particularly necessary to 
balance color properly when making color photo- 
graphs, since a picture reduces the large area of 
a scene to a small usable size of an average photo- 
graph. If colors are not in harmony, or are im- 
properly contrasted, the error is much more 
noticeable when reduced to a smaller area. Color 
can be used to give life and spirit to all funda- 
mentals of good subject arrangement. Color can 
create an illusion of depth or distance, it can help 
accentuate texture, or it can create an atmosphere 
of warmth or coolness. It can animate otherwise 
lifeless forms, generate the impression of move- 
ment, and even create an atmosphere of somber- 
ness or joy. If the arrangement is out of harmony, 
failure results regardless of how dazzling the color 
may be. Improper mixing of colors can even 
destroy the effects of an otherwise sound, har- 
monious arrangement. Conversely, the use of 
color must not become a substitute for pleasing 
combinations of mass and form. 

Color begins with light, exists only as a mental 
stimulation under the effect of light, and ceases 
to exist when light is removed. Its harmonious 
use can be accomplished only if the photographer 
possesses a knowledge of the conditions under 
which color is to be used. Red lipstick will photo- 
graph black in the light from a mercury vapor 
lamp. A smart showman would never place a 
figure in a magenta costume in front of a black 
curtain and then light it with yellow-green illum- 
ination. To do so would cause the costume to 
blend into the background. A bright yellow cos- 
tume will change to a brilliant red when lighted 
with magenta light. 

The color of an object is determined by the 
kind of light under which we see it. Our use of 


photographic color materials requires us to have a 
knowledge of the wavelengths and color tempera- 
tures as well as an understanding of the effects of 
the transmissive, absorptive, reflective, and sensi- 
tive qualities of the lights and matenals being 
used. When any portion of white light (equal 
parts of blue, green, and red) is removed by 
absorption or lack of transmission, we have cre- 
ated a visible color, and our visual color impression 
will change whenever the light is changed. Color 
is intangible, and can not be controlled unless 
one can control the conditions which produce it. 


COLOR BALANCE IN REPRODUCTION 


Color film manufacturers make two types of 
emulsions for normal use. The daylight type 
emulsion is balanced for accurate reproduction 
when the subject is illuminated with light having 
a color temperature of 5400°K. This is the mean 
annual noonday light temperature at Washington, 
D. C. Tungsten emulsions are balanced to repro- 
duce properly when the subject is illuminated by 
light at 3200°K. If the light sources vary from 
these standards, the resulting color photograph 
will not have the correct color balance. With 
color temperatures higher than those prescribed, 
blue will predominate and the effect will be 
colder. A lower than standard color temperature 
will cause a yellow or reddish cast which will 
add warmth to the photograph. 

The eye can not be used to judge color balance 
of light. It is not sufficiently accurate to deter- 
mine color temperatures, and the sensitivity of 
modern color film is so delicately balanced that 
visual guesswork will not yield consistently ac- 
ceptable results. Color temperature meters are 
available, but like exposure meters, are only aids 
to better work. These meters require a_ visual 
process which introduces a variable. Accuracy of 
measurement is difficult; the operator must ap- 
proximate a light or color condition, and both the 
individual and the equipment may vary greatly at 
times. These meters, in spite of their deficiencies, 
offer the best method of determining the proper 
color temperature of light used for making an 
exposure. The color temperature of the light is 
read through the meter and then, if necessary, 
the light is filtered to maintain the correct color 
temperature for which the film is_ balanced. 


Color Emulsion Requirements 


Tungsten light has a high concentration of 
red; consequently, tungsten-type color films must 
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be very sensitive to blue to make up for the de- 
ficiency of blue in the light source. If tungsten 
film was exposed in normal daylight, the overall 
effect would be blue because of the difference in 
the balance of light and the color balance of the 
film. When tungsten film is to be exposed in 
daylight, or daylight film is to be exposed to 
tungsten light, conversion filters must be used to 
bring the light source in line with the film’s 
color balance. The problem of color balance or 
light temperature will always be an important 
factor to the color photographer. Any deviation 
from the required balance causes a direct result 
in the finished product. Accurate color repro- 
duction calls for the very best workmanship in 
all details of the process. Too much stress can not 
be placed on exactness of operation. There is no 
substitute for accuracy in color work. 


Daylight and Tungsten Specifications 


In using daylight for color photographs, the 
color of the light can change very rapidly unless 
the sky is cloudless and the atmosphere clean and 
clear. The value and brilliance of color depends 
entirely upon the quality of light falling upon and 
reflected from the subject. In the shade, or when 
light is diffused by cloud layers, the extra scatter- 
ing of light causes a predominant bluish cast in 
the photograph. Shadow light always tends toward 
the blue unless there are reflections from other 
colored objects which are bright enough to pene- 
trate the shadows. The short wavelength of blue 
light causes it to scatter more easily than the 
longer wavelengths; consequently, blue is the 
color which breaks away and fills the shadow 
areas. 

Tungsten lights can be obtained with an indi- 
cated color temperature or balance. When such 
color-temperature rated lamps have burned for a 
time, the color balance is altered and the color 
becomes more red. The color temperature change 
increases directly with the lamp’s burning time 
and, when the temperature change is 100°K., the 
inaccuracy is distinguishable in color photographs. 

Every known control is worth the effort in 
effecting accurate color reproduction. Daylight 
will seldom meet the exact requirements of the 
emulsion; fluctuation of any type in the artificial 
lighting system will cause a proportionate change 
in the color of the illuminant. Probably the best 
check on a lighting system and a color emulsion 
is the ability of the combination to reproduce 
gray. An accurate reproduction of a neutral gray 
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indicates that all three layers of sensitivity have 
achieved the same contrast. Otherwise, a definite 
hue is evident in the gray area. If a_ neutral 
gray is reproduced as such, it can be taken for 
granted that the colors are properly reproduced. 

Even with a completely controlled light source 
and an acceptable color film, it may be necessary 
to make minor corrections to compensate for 
uncontrollable variables. Each camera lens will 
have a color transmission factor, and most color 
emulsions will vary from one batch to another. 
It requires constant vigilance and _ consistent 
checking to maintain a balance between the light 
and color emulsions. The proper control of color 
is the greatest difficulty in any of the processes. 
The details of control are discussed later. Color 
is easily varied by many different factors. The 
aim of color photography is to reproduce color 
closely enough so that the results are acceptable 
to the eye; however, this may be inaccurate when 
measured carefully by a spectroscope. Although 
the eye is not too critical, color materials respond 
readily to very slight changes in color temperature. 
Subtracting blue will increase the warmth in a 
picture, and adding blue will make a cooler 
photograph. 


PRINCIPLES OF DYE COUPLING AND 
DYE BLEACH 


The first practical experiments in developing a 
latent image to a silver density also produced the 
first primary color development, but it was not 
recognized at the time. The stains produced in the 
negative emulsions were thought to be caused by 
oxidation of the developing agent. It took a great 
many years before it was fully understood that 
the emulsion stain was actually a byproduct of 
oxidation. From 1840 to 1881, many developers 
were discovered which were capable of reducing 
a latent image to physical silver density. Gallic 
acid, ferrous sulfate, pyrogallic acid, alkaline 
pyro, hydroquinone, and _ pyrocatechin’ were 
among the first chemicals used as developing 
agents. None of these solutions kept well because 
they oxidized rapidly after mixing. In 1881, 
Berkley discovered that, when sodium sulfite was 
added to the working solutions, the keeping qual- 
ity was not only improved, but the developer 
stains were eliminated. Consequently, sodium sul- 
fite was added to all of the developers as a pre- 
servative, unless it interfered with some desired 
result. It was not until 1910 that it was estab- 
lished that developer oxidation was producing a 
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dye which stained the gelatin. 

It was also discovered that the addition of 
sodium sulfite prevented this organic dye from 
forming. The addition of certain chemicals where 
no sodium sulfite was present made it possible to 
control the color of the dye to be formed. These 
same chemical reactions were the basis of the 
newly discovered dye industry, but at the same 
time it wasn’t realized that the same principles 
could be applied to color development. Direct 
oxidation of the developer to form a new product 
is relatively simple and was used prior to all 
other methods. Direct oxidation processes have in 
general been discontinued since development of 
the color coupling method. Color coupling is 
favored as being more practical for present color 
processes. 


Primary Dye Coupling 


The principle of the use of dye couplers to 
form different colors was known as far back as 
1862. The application of this principle to color 
photography was slow because of the difficulties 
in developing insoluble organic dyes of the proper 
colors. It has also been difficult to produce the 
proper dye in the correct area of a photograph 
and keep it there. Any dye which 1s permitted to 
travel will naturally produce a new color when it 
combines with a dye of a different color. It re- 
quired several years to perfect the use of couplers 
as developing agents which would produce a dye 
image in relation to the silver negative density. 
Many combinations of chemicals may be em- 
ployed to form various colors; each manufacturer 
uses his own combinations to produce the desired 
results. However, the basic principle is similar for 
all processes. 

A color emulsion will contain, in addition to the 
silver halides, a chemical which is used as a 
coupler. When it comes in contact with a particu- 
lar ingredient in the developer, usually an amine 
or an aniline, a dye of a specific color is formed. 
Sometimes the coupler may be a byproduct of 
the developer action. This causes a union or 
chemical action between the color forming chem- 
icals only when development or silver reduction 
is taking place. This principle of color coupling 1s 
particularly adapted to photography because 
color is not formed in any area which is not ex- 
posed to light, and therefore contains no latent 
image. Most of the present-day color film proc- 
esses operate on the latter principle. Although 
there are similar chemical structures for the van- 


ous couplers being used, the products of one 
manufacturer should not be processed in the 
chemicals designed by another firm. The results 
would not be satisfactory. The chemicals are not 
properly balanced for an alien emulsion, nor will 
the correct byproducts be formed by the chemical 
action. 


Dye Bleach Emulsions 


Some processes use an entirely different ap- 
proach to the problem of producing dye or color. 
Actual dyes are incorporated in the emulsions. 
These dyes are removed where they are not 
needed. The claims for this method are uniformity 
of color reproduction and greater stability of the 
colors. A loss in speed results from the greater 
density of the emulsion however, due to its dye 
content. Two types of processes are in use which 
contain actual dyes. 

One principle of dye destruction utilizes the 
oxygen released from the silver in the negative 
image when the negative is bathed in peroxide. 
The oxygen destroys the dye adjacent to the 
silver composing the image. Thus, the greater the 
silver density of the negative, the greater would 
be the dye destruction in that area. This gives a 
direct positive because the heavy density in the 
negative highlight produces the thin density for 
the positive highlight. One great problem of this 
process is that the dyes are weakened by peroxide 
treatment. 

The second method uses the silver dye bleach 
principle and avoids some of the aforementioned 
problems. It is the basis of the successful Gaspar 
color process. Certain chemicals, such as thiourea 
and hydrochloric acid, are used to bleach the 
dye. These chemicals are used in solutions which 
act only when finely divided silver is present. The 
greater the silver density, the greater becomes the 
bleaching action of the solution. The actual agents 
which oxidize or reduce the dyes are formed and 
act while the finely divided silver image is being 
acted upon by the developing agent. To obtain a 
positive color print by this process, the print must 
be made from a positive. 


REVERSAL COLOR FILMS 


The first of the reversal color films which came 
into popular use was Eastman Kodak Company’s 
Kodachrome, an integral tripack or multilayer 
film processed by the manufacturer. Further de- 
velopments in the field resulted in the General 


139 


AFM 95-1 15 SEPTEMBER 1959 


Aniline and Film Corporation’s (Ansco) Ansco 
Color. This was the first reversal color film de- 
signed to be processed by the user. 

Early in World War II an aerial reversal film 
was developed for use in aerial reconnaissance 
photography. This film was Aero Kodacolor, also 
a multilayer reversal film. It was of much higher 
speed (ASA 32) than the other reversal films 
available at that time. 


Both Ansco and Eastman Kodak have since de- 
veloped improved reversal color films, and these 
films are being used in Air Force photographic 
laboratories at the present time. 


Anscochrome Film 


The current Ansco color film used by USAF 
photographic facilities is Anscochrome. This is a 
multilayer film which is activity processed. Ansco- 
chrome is very similar in construction to other 
commonly used integral tripack film. It employs 
the principle of making a record of each of the 
primary colors in the original exposure. Ansco- 
chrome color forming dye couplers are included 
in each layer of the emulsion. This enables the 
single color developer to form the secondary 
colored dyes in the emulsion layers. This method 
of manufacture simplifies the processing procedure 
so that the using agency may produce consistently 
good transparencies if careful handling and ac- 
curacy are stressed. 


Anscochrome is a safety base film which has 
an anticurl backing. An antihalation layer is the 
first coating on the emulsion side of the films base 
and then, as is shown in figure 102, the red 
sensitive and green sensitive emulsions are coated 


Fig. 102. Cross Section of Ansco Chrome Film 
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on the film. Next, a yellow filter (which absorbs 
unwanted blue light) is coated over the green 
sensitive emulsion. The orthonon or blue sensitive 
emulsion is placed on top of the yellow filter 
layer, and finally an antiabrasion coating com- 
pletes the film structure. 

Extreme accuracy in manufacture of color film 
is essential. Slight variations in any of the coatings 
will result in changes of color balance between 
emulsion layers. This could cause the entire batch 
of material to be defective. The film manufac- 
turers strive for uniformity of color reproduction 
in their color films; however, to compensate for 
minor variations in batches there are recommen- 
dations given for compensating filters. 

Unlike earlier reversal color films, Anscochrome 
is fast and has more exposure latitude. It is 
furnished in a daylight emulsion and two tungsten 
emulsions for still cameras. Daylight Anscochrome 
is furnished in popular roll film sizes and all 
standard sheet film sizes. The tungsten type 
emulsions are Anscochrome Flash type (3800°K. ) 
which is furnished in 35-mm, 120 and 620 roll 
film sizes, and Anscochrome Tungsten (3200°K.) 
available in all standard sheet sizes. Daylight 
Anscochrome is balanced at 5400°K. (mean an- 
nual noonday color temperature at Washington, 
D. C.). 

Filters for use with Anscochrome film serve the 
same purposes as with other color films. The 
Ansco Conversion Filter Nr 10 or a Wratten 
80A Filter is used with daylight Anscochrome for 
exposures using tungsten type illumination. This 
arrangement has a definite disadvantage because 
it cuts the effective film speed four times (normal 
ASA 32 — with conversion filter: ASA 8). 
Ansco’s Nr 11 conversion filter or a Wratten 
85B filter is used to make daylight exposures with 
tungsten “Anscochrome” (3200°K.). The use of 
the tungsten type film for daylight exposures is 
very satisfactory when using a conversion filter 
since the exposure index of the film is lowered 
only from ASA 25 to ASA 20. 

The chart ‘Color Films used by the Air Force,” 
shown below, gives the recommended filtering, 
exposure indexes, and guide numbers for exposing 
different color films under various conditions. The 
ultraviolet (UV) filters absorb ultraviolet light 
and are especially useful for elimination of haze 
from daylight photographs. Filters of the color 
compensating (CC) series may also be used for 
color correction and control, but the operator 
should know the transmission curves for the filters 
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so they can be used properly. Filters which are 
made by one manufacturer for a specific trans- 
mission may or may not perform as anticipated 
on products of another manufacturer. The differ- 
ence in color balance between emulsion layers 
can produce vastly different effects if thrown out 
of balance by an unknown filter. Therefore, al- 
ways use the filter recommended by the manufac- 
turer of the color material being used. 

Although Anscochrome has much more ex- 
posure latitude than previous reversal color films, 
the brightness range and color contrast of the 
scene must be carefully controlled. Exposure of 
color film must be contained within limits of 
brightness range and color contrast. Extremes of 
brightness range and color contrast should be 
held to a minimum. An exposure sufficient to 
show detail in a_ color-saturated subject could 
easily wash out detail in a lighter shade of the 
same color. To maintain detail in the highlights 
of a subject in color, it is necessary to expose for 
that brilliance. The old black and white principle 
of exposing for the shadows and developing for 
the highlights will not apply in color processes. 
The only remedy is to arrange the subject so that 
it has a brightness range which color film is 
capable of reproducing. A ratio of 1 to 10 between 
shadow and highlight is acceptable; but for over- 
all definition and reproduction possibilities, a 1 to 
4 ratio is better and a 1 to 2 ratio is the most 
desirable. 

Anscochrome film can be processed with stand- 
ard darkroom equipment. The principal require- 
ments in any color process are precise temperature 
control and accurate methods of operation. 
Standardized methods of procedure are the best 
ways of assuring uniform results. If the manu- 
facturer’s recommendations are followed exactly, 
dependable results may be expected. Any changes 
in processing procedures will cause changes in the 
final color balance. If the rate or manner of 
agitation is changed, the resulting color balance 
will be affected, even on identical exposures. 
Temperature variations will cause changes in 
speed of development between the emulsion layers. 
This film is manufactured to maintain correct 
color balance only under specific solution temper- 
atures. 

Processing kits for Anscochrome film are avail- 
able in various sizes which are designed for proc- 
essing a specific quantity of film. The chemistry 
of color processing is very exacting; the rec- 
ommended temperatures and procedures must 
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COLOR FILMS USED BY THE AIR FORCE 
oo 


Electronic Flash Clear Flash Photo Floods Studio 
6000-7000° K 3800-4000° K 3400° K Lamps Daylight 
3200° K 
Anscochrome (Daylight) UV15 or 81B — #10 or 80A #10 or 80A None Anscochrome 
(Index 8) (Index 8) Kit 
Anscochrome (Tungsten) UV17 or UV17 or None UV11 Anscochrome 
81D BIA or 81B Kit 
(Index 20) (Index 20) (Index 20) 












Ektacolor (Type "S§") 85 None 82A 82C 85C C22 
(Index 12) G Nr. 120 (Index 20) {index 25) Kit 


Exposures 1-25 Sec. or less 
BIA index 85B 
C22 
Kit 














Ektacolor (Type "L"’) 
Exposures 1 Sec or larger 





_— — (index 12) 25-14 Sec. (Index 
(Index 10 20-1< Sec.) 
30 to 60 










be followed to the letter unless variations are After processing, the film should be dried in a 
intentionally introduced for specific reasons. well ventilated, dust-free area. Excellent color 
Anscochrome first developer and color developer transparencies may very easily be ruined by al- 
solutions are to be used at 68°F+1/2°, and for lowing dust to settle on them while they are 
dependable results this temperature must be drying. The base side of a transparency may be 
maintained. The remaining processing solutions sponged to remove excess water if necessary, but 
and washes may vary from 66° to 70°F. Com- the emulsion side should never be touched unless 
plete processing instructions and directions for absolutely necessary. 
mixing the chemicals are packed with each proc- After drying, transparencies should be enclosed 
essing kit. These instructions must be followed to individually in a transparent acetate sleeve pro- 
the letter for dependable results. An example of vided by the manufacturer. This sleeve will help 
a reversal time schedule follows: prevent damage during handling, and the trans- 
parency may be viewed without removing it from 
ANSCOCHROME PROCESSING the sleeve. 
SCHEDULE 
First Developer 68°+1/2°F 16 minutes Ektachrome Aero Film-High Contrast 
Shortstop (diluted 1:2) 2 minutes This aerial film is a multilayer reversal film 
Hardener 4 minutes which is designed for activity processing. It is 
Wash (running water) 5 minutes furnished in rolls 5-1/4, 5-1/2, and 9-1/2 inches 
Room lights may be turned in width and 20, 40, and 75 feet in length. 
on here. Ektachrome Aero Film is shipped to the using 
Reversal Exposure 1 minute agency as a complete unit; film, filters, and proc- 
per side essing chemicals are packed in one container. 
Color Development 14. inaites This film is supplied only in a daylight emulsion 
Hardener en an and requires the use of the compensating filters 
; which are supplied with the film. These filters are 
esha th apt ; eae for use only with that individual roll of film with 
Bleach Eee ee which they are packed. They are not inter- 
Wash changeable and should not be used with other 
‘ash (running water) 3 minutes rolls of the same film having different emulsion 
Fix 4 minutes numbers. A haze filter (HF-3) is always used 
W ash (running water) 10 minutes with Ektachrome Aero Film regardless of emulsion 
Final rinse 2 minutes number and other filters used. 
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Ektachrome Aero Film may be used with most 
aerial cameras and magazines having the correct 
format, the lone exception being that it is not to 
be used with a 6-inch metrogon lens due to the 
vignetting effect of the lens. 


The filters furnished with each roll of film are 
of the gelatin type. These filters balance the rela- 
tive speeds of the emulsion layers to maintain 
true tones of black, gray, and white. If the filters 
are interchanged and used for exposing film bear- 
ing a different emulsion number, the color balance 
may be destroyed. An exposure and filter guide is 
packed with each roll of film. Because of the 
atmospheric haze, which is present when aerial 
photographs are taken, and high reflection of 
ultraviolet light from the haze, Ektachrome Aero 
Film is manufactured with high inherent contrast 
and requires the use of haze filters (HF) for satis- 
factory results. These HF filters reduce the exces- 
sive blue caused by the atmospheric haze. 


The chemical kit supplied with Ektachrome 
Aero Film contains all the chemicals necessary for 
processing of the film except the hypo crystals. 
This sodium thiosulfate (hypo) must be furnished 
by the using agency. Mixing and processing direc- 
tions are included with the kit and must be 
followed exactly. The first developer temperature 
is critical and must be maintained at exactly 
70°F. The other solutions may vary from 68° to 
72°F., and the washes may vary from 65° to 
75°F. The processing time for each solution is 
furnished in the instructions which contain the 
necessary time changes for different lengths and 
widths of film. Further information concerning 
this film and its uses may be found in the 10J-1- 
series of technical orders. 


Ektachrome Films 


Ektachrome films are integral tripack color 
materials manufactured by the Eastman Kodak 
Company. The physical construction is similar to 
all of the multilayer color films. The primary 
color sensitivity layers are in the same order, and 
the three emulsions contain color-forming dye 
couplers. The antihalation coating contains a dye 
to absorb the excess light penetration, and this 
same coating also acts as an anticurl backing. 
The emulsion is balanced to produce good results 
when used for commercial, illustrative, and gen- 
eral photography. 

Two types of Ektachrome films are available. 
Each type is available in both daylight and 
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tungsten emulsions. Ektachrome, E-1 Process is 
available in all standard sheet and roll film sizes, 
and Ektachrome, E-2 Process is available in 35- 
mm and 828 rolls. Ektachrome, E-1 Process Day- 
light Type, has a film speed rating of ASA 12, 
and tungsten Type B has a tungsten (3200°K.) 
rating of ASA 10. Ektachrome, E-2 Process, Day- 
light Type is rated at ASA 32 while tungsten 
Type F (balanced for clear flash lamps) has a 
tungsten rating for Photoflood lamps of ASA 16 
when used with a Wratten 82A filter. The chart, 
“Color Films used by the Air Force,” shows the 
proper filters to be used with various light sources 
when exposing these films. A data sheet is packed 
with the film and gives information on exposure 
and processing of this film. 


Processing of Ektachrome Film 


Separate processing chemicals must be_ used 
for the E-1 and E-~2 process films. The E-1 and 
E-2 Processing Kits are NOT interchangeable; 
each type of film must be processed in its own 
chemicals. As with other color processes, extreme 
care and accuracy must be exercised in mixing 
and using the solutions to maintain color balance. 
Temperatures must be adhered to at all times, 
and the directions packaged with the processing 
kit must be followed exactly. Both processes have 
critical developer temperature requirements (75° 
+1/2°F.) and the remaining solution and wash 
temperature tolerances are four degrees (73° - 
77°F). 

A consistent method of agitation must be 
worked out, and this system must be maintained 
throughout the entire processing procedure. One 
easy method of agitation is to lift the film hanger 
clear of the solution once per minute and drain 
the film from alternate lower corners. Kodak 
processing schedules require constant agitation 
for the first 15 seconds in each process. After the 
15 seconds have elapsed the method of agitation 
previously described can be used. 

Although the E-1 and E-2 Processes are differ- 
ent in chemical makeup, processing times and 
temperatures are exactly the same. These times 
and temperatures are included in the instructions 
furnished with each processing kit. The summary 
of steps for processing Ektachrome film outlines 
the requirements for processing this type of film. 

We have considered various reversal films com- 
monly used in Air Force photographic activities. 
Another type of color film, negative color, is also 


used in many activities. Negative color film 1s 
covered in the following paragraphs. 


NEGATIVE COLOR FILMS 


Often a color negative will have an advantage 
over a transparency. This is especially true when 
color prints are to be made. Negative color film 
has, except for color contrast limitations, latitude 
approaching that of black and white film, and it 
can be processed in about half the time necessary 
for reversal films. Color prints are made directly 
from color negatives on Kodak Ektacolor Paper, 
or by the Dye Transfer Process. Both of these 
processes will be discussed later in the chapter. 

The principal disadvantage of the color negative 
is that it 1s almost impossible to judge its color 
quality without making a test print. 

At the present time there are two general types 
of negative color film used by the USAF. These 
are Eastman Kodak’s Kodacolor and Ektacolor. 


Kodacolor Film 


Kodacolor is a dual purpose film and may be 
used (with proper filters) under most light con- 
ditions, either daylight or artificial. At present 
Kodacolor is available only in roll film sizes. Dual 
purpose Kodacolor is a great improvement over 
the previous product of the same name. It has 
much better resolving power and finer grain 
which enables the photographer to produce sharp- 
er prints and better enlargements. Colors — 
mainly yellows, greens, and reds — are much 
more pure and brilliant. Exposure latitude of this 
film has been increased to permit exposures being 
made two stops over, to one stop under normal, 
without excessive change in color balance. Dual 
purpose Kodacolor is slightly faster than the 
previous film. Currently, this speed is ASA 32 for 
daylight and ASA 25 for tungsten illumination. 

In many cases illumination for exposing dual- 
purpose Kodacolor may be changed without the 
use of conversion filters. Exposures may be made 
in daylight, using blue flash lamps for fill-in. 
Clear flash lamp exposures can be made indoors 
or outdoors at night. Clear flash lamps must not 
be used as a daylight fill-in light source; similar- 
ily, blue flash lamps should be used when daylight 
fill is necessary, but should never be used as the 
sole light source. Electronic flash should be fil- 
tered when used to expose Kodacolor. This filter- 
ing should bring the color temperature of the 
electronic flash to 6100°K. (daylight rating) or 
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about 3650°K. (clear flash rating). Photoflood 
lamps (3400°K.) require use of a NR 82A 
filter, and 3200°K. studio lamps require a Nr 
82C filter when used to expose this film. 


If prints from Kodacolor negatives are to be 
made on Kodak Ektacolor Paper, exclusively, ex- 
posures in daylight should be made with a Nr 85C 
filter and exposures made with an electronic flash 
should be filtered with a Nr 85 filter. 


Kodacolor is processed in solutions mixed from 
the chemicals of the Processing Kit, Process C-22. 
Complete mixing instructions and processing pro- 
cedures are included with the kit. These instruc- 
tions must be followed carefully. Once again, the 
developer temperature has a very close tolerance 
— 75°+1/2°F. Careful exposure and processing 
of Kodacolor negatives will enable the photog- 
rapher to produce prints from them on Ektacolor 
Paper that will parallel the quality of good Dye 
Transfer prints. 


Ektacolor Films 


Ektacolor Negative Color Films are available 
in two types. Each type serves a definite purpose. 
Ektacolor, Type S, is for short exposures and 
should be exposed at shutter speeds of not less 
than 1/25 second. Ektacolor, Type L, designed 
for long exposures, must be exposed at shutter 
speeds between 1/5 second and 60 seconds. 

Both of these films are similar in construction 
to other multilayer films. Coupler components of 
the dyes are included in the emulsion during 
manufacture. These dyes, acting as a secondary 
colored filters, perform the same function in this 
film as in reversal films. Yellow dye is formed in 
the blue-sensitive emulsion layer, magenta in the 
green, and cyan in the red. Each dye layer in the 
negative controls the primary color by which it 
was exposed. The complementary dyes and a 
silver image are formed by initial development. 
The silver image is then bleached out, and the 
emulsion is fixed. This leaves negative dye images 
composed of colors which are complementary to 
the original colors of the subject. 

Since the visual appearance of the color nega- 
tive is not important, colored couplers can be 
placed in the film and used as built-in masks, 
thereby eliminating the need for supplementary 
masking when prints are made from the negative. 
Each layer in the negative, with its dye image 
and colored mask (coupler), must control one 
primary color and transmit the other two. 
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Ideally, the magenta dye formed in the middle 
layer of the film should absorb only green light 
and transmit all of the blue and red. However, 
the magenta dye formed in the exposed areas of 
Ektacolor films will absorb part of the blue light 
during the printing of a positive. In order to 
balance out this absorption of blue by the magen- 
ta dye throughout the entire emulsion layer, the 
magenta-forming dye couplers are colored yellow. 
When the film is processed, these yellow couplers 
are destroyed in the exposed portions of the layer 
as the magenta dye is formed. All unexposed 
portions of the emulsion layer still contain the 
yellow couplers which are of the correct color 
density to absorb the same amount of blue light 
during printing as will be absorbed by the magen- 
ta dye. The overall absorption of blue is then 
equal throughout the entire magenta layer, thus 
maintaining the correct color balance in that 
layer. 

A similar situation exists in the red-sensitive 
layer; the cyan dye formed in the exposed por- 
tions of this layer will absorb part of the blue and 
green (which should be freely transmitted) during 
the printing operation. Consequently, the cyan- 
forming dye couplers are colored red. The red- 
colored couplers remaining in the unexposed 
portions of the layer after processing then balance 
the absorption of blue and green throughout the 
layer. 

Yellow dye formed in the blue-sensitive layer is 
pure and does not absorb any color but blue; 
therefore, the dye-forming couplers in this layer 
are colorless since there is no need for correction. 

The presence of the yellow-colored couplers 
and the red-colored couplers in the unexposed 
portions of the magenta and cyan layers results 
in the processed Ektacolor negative having an 
overall orange cast. 

Exposure. Looking again at the two differ- 
ent Ektacolor films, Type S, for short exposures, 
is balanced for clear flash lamps. It may be 
exposed with most types of light sources as long 
as the light is properly filtered. The chart “Color 
Films used by the Air Force” shows proper filters 
to use to make normal negatives. Ektacolor Type 
S, must be exposed at shutter speeds of 1/25- 
second or faster. 

The exposure index of Ektacolor Type S is 
ASA 25 when the film is exposed with a Nr 85C 
filter in daylight. As is shown in the color film 
chart, the filmspeed varies according to the light 
source and filter combinations used. 
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A neutral (18% reflectance) gray card should 
be included in all photos whenever possible. This 
is especially true when exposing any color film. 
Inclusion of a gray card will help in maintaining 
correct color balance when color prints are made. 
If there is any doubt at all about the amount of 
exposure to be given, negative color materials 
should be slightly overexposed as underexposed 
color negatives are not printable. 

Ektacolor Type L, Negative Color Film, is de- 
signed to make color negatives at exposure time 
which will vary from 1/5 second to 60 seconds, 
using 3200°K. lamps. It may also be exposed 
with photofloods or in daylight if properly filtered. 
Because of the 1/5 second short exposure limit, 
this film should not be exposed by any type of 
flash illumination. The ASA rating for Ektacolor 
Type L is 16 when exposed for 5 seconds with 
3200°K. lamps. The effective exposure index 
varies and depends upon the exposure time and 
the level of illumination. The following table 
shows the effective exposure index of Ektacolor 
Type L, under varying conditions: 


LIGHT WRATTEN EXPOSURE EFFECTIVE 


SOURCE FILTER TIME EXPOSURE 
NUMBER INDEX 

3200° K. none 1 /5-second 25 

3B200° R. none 1-second 20 

3200° K. none 5 seconds 16 

3200° K. none 30 seconds 10 

3200° kK. none 60 seconds 10 
Photoflood  81A 5 seconds 12 (unth filter) 
Daylight 85B 1/5-second 20 (with filter) 


A neutral gray card should be included in the 
edge of the scene whenever possible to facilitate 
color balancing of the prints. 

Processinc. Both Ektacolor, Type S and Ek- 
tacolor, Type L are processed in the Kodak Color 
Processing Kit, Process C-22. This kit is available 
in a 1-gallon size. The individual color film proc- 
essing chemicals are available in 3-1/2,- 10,- and 
25-gallon sizes. Complete mixing and _ processing 
instructions are packed with all sizes of chemical 
containers. 

As with reversal chemicals, exactness in mixing 
and cleanliness are of prime importance when 
handling the Kodak C-22 Process. Contamination 
of any solution will ruin the color negatives being 
processed. The developer temperature is critical: 
75°+1/2°F. Remaining solution temperatures 
— shortstop, hardener, bleach, fixer, and washes 
— may range from 73-77°F. 


COLOR PRINTING 


Color print processes are available which enable 
the photographer to make full color prints from 
both reversal transparencies and color negatives. 
Among the positive materials for color printing 
are Ansco’s Printon, Printon (Anscochrome 
Type), and Kodak Ektacolor Paper. The latter is 
for printing color negatives, the first two for mak- 
ing prints from reversal transparencies. Another 
color printing method in general use is the Kodak 
Dye Transfer Process, which is a dye inhibition 
process. 


PRINTON 


Ansco Reversible Printon Film is a subtractive 
color material of the multilayer, dye-coupling 
type. It is designed to be processed by reversal to 
a positive-color reflection print. Printing is ac- 
complished directly from reversal color transpar- 
encies. The total range and contrast are such that 
an acceptably accurate duplicate can be made 
from a normal color transparency either by 
contact or projection printing. Most contact 
printers and projection printers can be adapted 
easily to the making of color prints. 

Printon is similar in construction to other color 
materials. It has three emulsion layers, each sensi- 
tive to one primary color. Each emulsion layer 
contains a colorless dye coupler which forms a 
colored dye image due to a reaction with the 
oxygen released by the silver-image development. 
Printon emulsions are coated on a highly reflec- 
tive, opaque, white cellulose base. In a reflection 
type print apparent density is double the actual 
density; consequently, the emulsion layers must 
be thinner than those of reversal color films. 
Light is absorbed twice by each layer, first as it 
penetrates to the base and again as it is reflected 
from the base. High color efficiency is required 
from a thin dye deposit. Color presented to the 
eye from a reflected surface does not have the 
same characteristics as color from a transmitted 
source. When extreme care is exercised in the 
processing of Printon, the color rendition pro- 
duced by reflection and by transmission are close 
enough to being the same as to produce accept- 
ably accurate color. 

The light source for any color printing or dupli- 
cation process is of prime importance. Any change 
in intensity of the light source will cause a corre- 
sponding change in color quality of the light. 
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Controlling the color quality of the printing light 
is the principal method used to control color for 
accurate reproductions. When colors in a print do 
not acceptably match the original, then the color 
of the printing light is changed to produce the 
necessary correction. A voltage regulator and 
voltmeter should be connected into the circuit of 
the light source whenever making color prints. As ~ 
was mentioned in the discussion of light, a voltage 
change will also change the color temperature of 
light. A color change caused by voltage fluctu- 
ation is an error which is extremely difficult to 
isolate. Prevention is the best cure, and voltage 
control provides a method of prevention. A change 
in color temperature as great as 100°K. is readily 
noticeable, while a 50°K. variation may not be 
detected. Elimination of as many variables as pos- 
sible will ensure greater production capacity and 
prevent waste of manpower and material. 

When contact or projection printing, it is es- 
sential to have a conveniently changeable filter 
arrangement. Color compensating (CC) filters 
are the standard and accepted means for control- 
ling the color temperature of light. The ideal 
arrangement is to have the compensating filter 
between the light source and negative carrier of 
the enlarger, or between the light and exposure 
plane of the contact printer. In either case all of 
the light reaching the sensitized material should 
pass through the filter. Many photographers use 
a projection printer for contact printing as well 
as enlarging. When contact printing with a pro- 
jection printer, a printing frame is used to main- 
tain contact between the transparency and the 
printing material while the projection printer 1s 
used to provide the exposing light. A_ printing 
frame will also serve as a good projection easel 
since it keeps the sensitized material flat at all 
times. A projection lamp (General Electric Nr 
212 or Sylvania Superlite E11) is recommended 
for color printing. With all types of color printing 
material used by the USAF a _heat-absorbing 
glass should be included in the light source to 
absorb infrared radiations. A Wratten UV-16 
filter should also be used whenever color prints 
are made. This UV-16 filter will be in addition to 
any other filtering which may be necessary. This 
filter absorbs the unwanted ultraviolet radiations 
to which the color materials are sensitive. The 
filter recommendations made by manufacturers of 
the various emulsions are based on exposures 
made with a GE Nr 212, or equivalent, lamp. 
The lamp voltage specified is 110 volts. Regardless 
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of the available voltage, filter balance can be 
adjusted to give proper color reproduction, pro- 
vided the voltage is constant. Good color repro- 
duction may be made when the voltage is at 
100 volts as long as it is constant. Because of 
color temperature changes, the GE Nr 212 lamp 
should be replaced after 20 hours of burning 
time. The recommendations also include the use 
of an optical system having a set of condenser 
lenses, heat-absorbing glass, and a UV-16 filter 
in addition to the projection lens. 


Glassless negative carriers should be used when- 
ever possible since a glass-type negative carrier 
will affect the color of the light and further 
correction may be required. This correction will 
remain constant for this glass-type negative car- 
rier as long as a given emulsion is being used. 
However, slight changes in filter balance may be 
necessary when changing transparencies or nega- 
tives. After initial color balance is determined for 
a specific optical system and emulsion, the color 
rendition should remain approximately correct as 
long as printing and processing conditions remain 
constant. 


Color Compensating (CC) Filters 


These filters are used to control the color 
temperature of a light source. They must be 
handled with extreme care since they are gelatin 
type filters and very easily damaged. The color 
of the CC filters is designated by the initial 
letter of primary or secondary color; that is, Y 
for yellow, M for magenta, C for cyan, and so 
forth. The absorption density of the CC filter is 
indicated by number. Thus 05, 10, or 20 indicate 
respectively absorption densities of .05, .10, and 
.20. Each of these color compensating (CC) fil- 
ters is available in six densities: .05, .10, .20, .30, 
40, and .50. These densities indicate the amount 
of color the filter will absorb. For example, a 
10Y CC filter will absorb a specific amount of 
blue, and a 50R CC filter will absorb a greater 
amount of cyan. 

CC filters may be used singly or in combi- 
nations to accomplish many degrees of correction. 
Their uniform density is an aid in predicting the 
effect of various combinations. If several filters are 
used together there will be a loss of definition 
(due to light scattering), and also an increase in 
printing time. The minimum number of filters 
should be used to produce the desired correction. 

When it is necessary to combine CC filters, the 
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numerical values have to be combined to deter- 
mine the exact amount of color correction in- 
volved. For example, if a 10Y filter were placed in 
a light source, green and red would be equally 
transmitted, while a .10 of blue would be ab- 
sorbed. Consequently, the yellow content of the 
light would be increased. When a 10M filter is 
added to the 10Y, then .10 density of blue and 
.10 density of green are absorbed, leaving only 
red being transmitted. This is true since white 
light minus blue and green will still leave the 
normal amount of red. 

Adding a series of filters to achieve a desired 
light quality may result in filters of all three 
subtractive colors being present. Under such 
condition (filters absorbing all three primary 
colors of light), neutral density is added. This 
neutral density does nothing but add unwanted 
exposure time. Elimination of this neutral density 
is accomplished by cancelling the greatest amount 
of common color density. As an example, the 
filter balance for an emulsion is 20M+20C and 
it is necessary to add .1OY to subtract some of 
the blue. This gives a filter pack of 20M+20C 
+10Y. There is .10 density which is common 
to all three of these secondary filters. By sub- 
tracting .10 from each color the same effect can 
be produced with a filter pack consisting of 
10OM+10C. This filter pack can be reduced 
even further. Since magenta plus cyan equals 
blue, a 10B filter will make the same correction 
as 1OM+10C. This method of cancellation is 
used whenever there is a neutral density or where 
combinations are possible. By correct cancellation 
the photographer is able to arrive at the least 
number of filters which are capable of producing 
the desired results. 

The selection of filters is usually simplified by 
thinking of all filters in terms of their subtractive 
colors as shown in the following table: 


Red equals magenta plus yellow (subtraction 
of blue and green). 


Green equals yellow plus cyan (subtraction 
of red and blue). 


Blue equals magenta plus cyan (subtraction 
of red and green). 


When making a color print four steps are 
recommended to determine the CC filter com- 
bination necessary. These are: 


Bee ee 


(1) Convert all filters to their subtractive 
colors (if necessary). 


Add all filters of the same color to- 
gether, (for example, 10Y+20Y+40Y 
=70Y). 


If the result contains all three subtrac- 
tive colors, cancel out the neutral 
density. 


(2) 


(3) 


(4) If the final result contains two filters 
of equal density which can be com- 
bined, substitute the equivalent filter - 


(example 10C+10Y, substitute 10C). 


Many combinations will be encountered which 
cannot be reduced to one or two filters. However, 
above procedures should always be used to deter- 
mine the minimum number of filters and mini- 
mum density that will produce the desired effect. 

EMULSION SPEED TEST. An exposure test 1s 
run to determine the emulsion speed of the Prin- 
ton material being used. Recommended filters, 
marked on each box of Printon, are placed in the 
light source along with a UV-16 filter and a heat- 
absorbing glass. A good transparency is placed in 
the enlarger. The enlarger is then adjusted for the 
desired print size. The transparency is then re- 
moved from the enlarger. Enlarger light intensity 
is set at 2.5 or 5 meter candles with a Weston 
Analyzer or grease-spot type meter. The trans- 
parency is positioned in the enlarger, and four 
test prints are made, changing the exposure time 
on each. When these tests have been processed 
and dryed, the best exposure time may then be 
determined. Set this exposure time under METER 
CANDLES USED on a Weston Exposure guide. 
The Minimum Arrow on the exposure guide is 
placed at that Highlight Density which repre- 
sents the transparency used for the test. The 
Analyzer Number or emulsion speed will be in the 
opening marked “ANALYZER NUMBER.” By 
using this Analyzer Number with the highlight 
density of any transparency, the correct printing 
time will show below METER CANDLE READ- 
ING. This test must be repeated whenever a 
new Printon emulsion batch is used. 

FILTER BALANCE TEST. ‘To establish the proper 
filter balance for use with Printon emulsions, a 
series of exposures is made through the three 
secondary and three primary filters. Use the 
same transparency as was used in the emulsion 
speed test, and make a “normal” print using the 
recommended filtering. This normal print should 
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duplicate the print made in the emulsion speed 
test. Check to make sure that exposure and proc- 
essing remain constant. Six individual exposures 
are then made by successively adding a .10 of 
each color to the recommended filter pack. All 
neutral density is cancelled out, so that the fewest 
possible filters are added. For example, if the 
manufacturer’s recommended filters were 1OM+ 
10C, filters added for each exposure would be as 
follows: 


a. Normal 
10M+10C=10B 


b. .10 Yellow 
10M+10C+10¥Y=None 


c. .10 Magenta 
10M+10C+10M=10B+10M 


d. .10 Cyan 

10M+10C+10C=10B+10C 

e. .10 Blue 

10M+10C+ 10M-+10C=20M + 20C=20B 
f. .10 Green 

10M+10C0+10Y+10C=10C 

g. .10 Red 


10M+10C0+10Y+10M=10M 


All exposures should be carefully identified by 
punch marks on the edges of the Printon. Develop- 
ment of the series will show the color effect of 
each filter change. 


Reversal Color Print Masking 


Some contrast control and color correction are 
necessary in nearly every color print. Due partially 
to the fact that prints are viewed by reflected 
light rather than transmitted light, the range of 
reproducible tones is shortened. A density range 
of approximately 1.20 is normally about the max- 
imum that can be printed without some loss of 
detail in highlights or shadows. To print a color 
transparency having a greater range than this, 
a mask is used to reduce the density range. The 
term “mask” as used here means a low-density, 
low-contrast, negative image. This mask is super- 
imposed over the transparency to alter its density 
range. 

It would be possible to completely correct all 
contrast and color errors if enough masks were 
used in the printing process. However, because 
other problems arise, there is a limit to the num- 
ber of masks that can be used. In reversal printing 
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with Printon material, only more serious contrast 
errors are remedied by the use of a single mask. 
The use of this mask is as follows: 

1. The mask is made by contact printing 
the transparency on a _medium-speed 
panchromatic film. Exposure should be 
such that a maximum density of .5 or .6 
is achieved when the film is developed 
for about one-fourth the normal develop- 
ment time. A mask that is too thin will 
not provide the desired correction, while 
one that is too heavy may cause over- 
correction. 

2. After the mask has been processed and 
dried, it is bound in register with the 
transparency, emulsion to emulsion. Col- 
or prints are then made from the com- 
bination just as though the transparency 
were by itself. 


Printing 


If the original transparency is slightly offcolor 
it is necessary to add those filters, which will 
make the necessary correction, to the filters al- 
ready determined for the particular Printon emul- 
sion. The filter density to correct any unwanted 
color in a transparency can best be determined 
by viewing the transparency through different 
CC filters until it appears as it should. Usually 
a filter gives more correction when being viewed 
than when being printed; so it is advisable, when 
making the print, to add to the light source half 
the filter density determined by viewing. It will 
in effect lessen the amount of yellow (transferred 
color) in these areas when printing the blue 
separation negative. Any time additional filters 
are added to the filter pack it is necessary to 
check for and cancel out any neutral density. 

If a reversal print contains too much of a 
color, the color which is complementary to the 
excess must be added to the light source to sub- 
tract that excess. 

Normal dodging techniques may be used in 
reversal printing, but it must be remembered that 
this is a reversal print; areas to be darkened are 
held back, and areas to be lightened are burned 
in. 

Printon prints are best mounted with rubber 
cement because they are easily damaged by exces- 
sive heat. They should not be displayed in direct 
sunlight for extended periods since the sun may 
cause the dyes to fade. 
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PROCESSING PRINTON. ‘This is a reversal proc- 
ess and consequently the same processing proce- 
dures are used as with reversal films. Processing 
kits for Printon are available in 1-quart, 1-gallon, 
and 3-1/2-gallon sizes. Complete instructions for 
chemical mixing and processing procedures are 
included with each kit. As with other color proc- 
esses, these instructions should be followed with- 
out deviation for dependable results. First de- 
veloper and color developer temperatures are 
critical when processing Printon; their tempera- 
ture must be 68°+1/2°F. Other solutions should 
be held to 68°+2°F., and the washes should be 
maintained between 60° and 70°F. 

Printon is dried by the same methods used 
for transparencies. The print surface may be 
sponged. Heat should not be used to facilitate 
drying. If the time element is important, circu- 
lation of air will hasten the complete drying 
cycle of the material. 


PRINTON (ANSCOCHROME TYPE) 


A recent development, Anscochrome Printon 
Film, is a decided improvement over Printon. This 
film has all the good points of Printon along with 
the improved characteristics of the Anscochrome 
emulsions. It is handled, exposed, and processed 
in the same way as Printon. 

The principal improvements of Anscochrome 
Printon Film include: the ability to reproduce 
clear highlights and pure white borders, better 
storage stability, and better latent image stability. 
Exposed Anscochrome Printon does not neces- 
sarily have to be processed immediately. It 1s 
more stable and will not change in speed or color 
balance after exposure. 

Processing is accomplished the same as with 
Printon, with the same importance attached to 
accuracy and cleanliness in processing. Ansco- 
chrome Printon Film is dried the same as trans- 
parencies, in circulating air with no_ extreme 
heat. 


KODAK COLOR PRINT MATERIAL 
KODAK EKTACOLOR PAPER 


Ektacolor Paper is a multilayer paper designed 
to produce color prints from Ektacolor and Koda- 
color negatives either by contact or projection 
printing. This method of color printing is consider- 
ably less expensive and time consuming, and yet 
yields prints which compare very favorably with 
Dye Transfer type prints. It is handled with stand- 
ard darkroom equipment. 





Despite the high potential of Kodak Ektacolor 
Paper, it must be remembered that the quality of 
the print will only be as good as its starting point 
— in this case, the color negative. 


Ektacolor Paper consists of the usual tripack 
three emulsion coatings, one sensitive to blue, the 
second to green, and the third to red. The emul- 
sions are coated on a medium-weight paper base. 
It has a glossy surface, which helps to produce 
a fairly long tonal range. This surface can be 
ferrotyped, dried to the natural gloss finish, or 
dulled to a matte surface by using a spray-on 
coating. Kodak Ektacolor Paper is available in 
standard sheet sizes from 8 by 10 inches to 30 by 
40 inches and in rolls of various widths. 


Storage of this paper is fairly critical. Unexposed 
or exposed-and-not-processed paper must be 
stored at temperatures below 50°F.; or undesir- 
able changes in color balance, contrast, and emul- 
sion speed may occur. Handling of unexposed 
Paper in normal temperatures up to 24 hours 
will not usually bring on the above mentioned 
changes. Stability is good only for short periods 
of time. The moisture-proof inner foil package 
should be opened very carefully so that the 
package end can be closed by folding to prevent 
moisture from reaching the unexposed paper. Un- 
opened paper being stored for long periods should 
be maintained at 0° to —10° F. 


The same equipment is used as was discussed 
in printing Ansco Printon. This includes the use 
of heat-absorbing glass and UV-16 filter. Illumi- 
nation for printing should be a GE Nr 212 lamp 
regulated at 110 volts. 


Prints on Kodak Ektacolor Paper can be exposed 
by either of two methods: One is called the 
white-light method and requires only a single 
exposure; the other is referred to as the tricolor 
method and involves three separate successive ex- 
posures through red, green, and blue filters. Dif- 
ferences in the quality obtained by use of either 
method are negligible. For example, the tricolor 
exposures produce a slightly better color saturation, 
particularly in the yellows, and somewhat higher 
contrast is produced with respect to the image-color 
purity. These minor advantages of the tricolor 
exposure method are offset by more important 
production advantages of the white-light method. 
These include: superior printing control, dodging, 
burning-in, and local color correction. 


When making the initial exposure and balance 
test, a CC-40R filter is recommended in addition 
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Prints should 
one-half stop 


to the heat and ultraviolet filters. 
be made using exposure times of 
under normal, and one-half stop over normal. 
Light intensity should be set at 5 meter-candles 
and a Weston Analyzer Number of 250 should be 
used as a starting point. These tests will provide 
a basis for any color balance adjustment which 
may be necessary. If the balance of the test prints 
is not satisfactory, corrections are made by adding 
CC filters to the light source. In order to deter- 
mine what color correction is necessary, the test 
print must be completely dry. Wet Ektacolor Paper 
paper prints appear slightly darker and more blue 
than when they are dry. View the test prints 
through CC filters until the desired correction is 
achieved. Use the lighter middle tones as a basis for 
changes in color balance. When the correction has 
been determined by viewing, use one-half this den- 
sity value in the light source for printing. As an 
example, if the test print is too yellow it will appear 
correct when viewed through a blue filter; since 
this is a negative process, however, a yellow filter 
must be added to the filter pack. The yellow filter 
causes increased exposure in the green and red, 
creating more cyan and magenta dye, thereby 
correcting the color balance. 

As with reversal color printing, the filter pack 
should be reduced as much as possible by elimi- 
nating any neutral density and combining filters. 
The nature of Kodak Ektacolor Paper is such 
that any corrections in color balance will usually 
involve only yellow, red, or magenta filters. As a 
general rule, every .10 density of red or magenta 
requires an exposure increase of 10%, while a 
change in yellow does not create a need for any 
change in exposure. Also, each layer of filter ma- 
terial requires a similar 10% change in exposure. 
For example, if a CC-10R is added to the filter 
pack, a 20% increase in exposure is called for, 
10% for the red and 10% for the filter layer. 
If a CC-15M(10M-+05M_) is added, the exposure 
would be increased by 35% (10% each for two 
filter layers and 15% for color density). 


Processing of Kodak Ektacolor Paper 


The chemicals necessary for mixing processing 
solutions for Kodak Ektacolor Paper are sup- 
plied ready for use in the Kodak Color Print 
Processing Kit, Process P-122. This kit is available 
in 1-gallon and 3-1/2-gallon sizes. Individual com- 
ponents of these kits are also available separately, 
as is a special developer replenishing kit. Complete 
directions are included with the kits and on each 
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individual container, these directions must be 
followed exactly for dependable results. 

Developer, used or unused, may be kept in a 
tank with a. floating lid for one week or, if stored 
in stoppered bottles, up to two weeks. A gallon 
of developer will process 24 8 by 10-inch prints 
(or equivalent) without replenishment. When re- 
plenisher is used, a gallon of developer will process 
about 3-1/2 times this amount of prints. The 
developer temperature must be 75°+1/2°F. 

The method of processing depends on the size 
of prints to be made and the equipment available. 
Either tanks or trays may be used. If a large 
number of prints must be processed at one time, 
tanks will be more suitable. Ektacolor paper 
base becomes very limp and stretches when wet 
so it must be handled very carefully during 
processing. Prints 8 by 10 inches or larger should 
be processed in clip type hangers or a special 
plastic basket. The smaller sizes, such as 4 by 5- 
inch prints, may be processed back-to-back in 
regular hangers separated by a sheet of clear 
acetate. The recommended technique for agitation 
is a gentle jiggling action for the first 30 seconds 
of development, then agitation for 5 seconds at 
30 second intervals during the remaining proc- 
essing time. This material should not be lifted 
from the solutions during agitation. 

Ektacolor prints are immersed in Buffer working 
solution and then may be air dried by hanging 
them from film clips or clothespins. They should 
never be dried between blotters since the emulsion 
will stick to the blotter surface. Color prints 
may be ferrotyped, either with or without heat. 
If they are to be ferrotyped they should be 
treated in a modified buffer solution mixed as 
follows: 900cc Buffer working solution with 100cc 
of Kodak Print Flattening solution added. This 
mixture is substituted for the last step in the 
processing schedule. Prints are soaked for 3 min- 
utes in this solution. If heat is used for drying, 
the temperature should not exceed 180°F. 


DYE TRANSFER PRINTING 


The Kodak Dye Transfer Process is a method 
of making color prints on paper stock through 
the use of dyed sheets of relief film called matrices. 
Three separate negatives of the subject are made 
on panchromatic film by exposures through red, 
green, and blue filters. From these negatives, 
three positive relief films (matrices) are made. 
The positive matrices are then dyed cyan, magen- 
ta, and yellow respectively and transferred suc- 


cessively to the paper, with the dye images super- 
imposed and registered. The combined images on 
the paper form the full color print. 

As was discussed in the sections dealing with 
reversal and negative color films, the dyes used in 
color photographic processes are not perfect. Even 
the best of color films will produce only an ap- 
proximation of the original scene; these approxi- 
mations are usually satisfactory for most general 
use. When a print is made from a transparency, 
dye deficiency again magnifies this error; and 
quite often the result is neither acceptable nor 
pleasing, especially when the print and the original 
scene are compared. 


Masking 


One technique which may be used to correct 
for deficiencies in the dyes used in color films is 
to add one or more low-density black and white 
negatives, which we know as “masks’, to the 
transparency to alter the light transmission 
through various colors when separation negatives 
are made. This correction procedure adds an ex- 
tra step to the reproduction process, but the 
improvement in results more than justifies the 
time and work involved. 

CAUSES OF REPRODUCTION ERRORS. To under- 
stand the correction produced by masking a 
transparency, it is necessary to know the charac- 
teristics of the dyes which cause the transmission 
errors. Kodachrome, Ektachrome, and Ansco- 
chrome transparencies consist of three superim- 
posed dye images — cyan dye in the red sensitive 
layer, magenta dye in the green sensitive layer, 
and yellow dye in the blue sensitive layer. These 
dye images absorb their complementary colors. 


_ Thus cyan dye absorbs red, magenta absorbs 
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green, and yellow absorbs blue. 

Ideally, the cyan dye would absorb red light 
only and transmit all blue and green. This dye 
actually absorbs some of the blue and green which 
it should transmit, and these two colors will re- 
produce too dark. The magenta dye should ab- 
sorb only green light and transmit all the blue and 
red, but this dye absorbs some blue light and 
causes a shift toward the red. The yellow dye 
comes close to being an ideal dye, and will absorb 
a slight amount of green, again causing a shift 
to the red. 

EFFECT OF MASKING. To correct for un- 
wanted absorption of green and blue by the 
cyan dye, a red principal mask is made by contact 
printing the transparency onto masking film 


ee 


through a red F-29 filter. This red principal mask 
is a weak negative image of the red in the trans- 
parency since the F-29 filter absorbs blue and 
green. When this mask is put into register with 
the transparency the effect is to add neutral 
density to the red areas. The red separation 1s 
then made from the combined transparency and 
mask; the added density holds back some of the 
red in the scene. When the cyan matrix is printed 
from this red separation negative, the density in 
the red areas will be greater than when compared 
to a matrix printed from an unmasked trans- 
parency. Increased density in these areas of the 
matrix will absorb and transfer a greater quantity 
of cyan dye. The resulting heavier concentration 
increases cyan (blue and green) and overcomes 
the partial absorption of these colors by the dye 
itself. 

The red principal mask is also left in register 
with the transparency during the printing of the 
green separation negative. The purpose of this 
is to counteract the absorption of blue by the 
magenta dye. | 

A green principal mask is made through an 
N-61 green filter. This mask then increases density 
in the green areas when registered with the trans- 
parency. The green principal mask is used when 
making the blue separation negative. Since this 
mask will allow more exposure in areas which 
will print magenta, it will in effect lesson the 
amount of yellow (transferred color) in_ these 
areas, when printing the blue separation negative. 

HIGHLIGHT MASKS. If a transparency has high- 
light detail which must be retained in the print, 
a highlight mask is used. The highlight mask 
should not be used unless there are important 
details in these areas. The mask should be high in 
contrast and have density only in the highlight 
areas. It is registered with the transparency and 
used when the principal masks are being made 
and then discarded. 


Making the Masks 


A highlight mask is made by contact printing 
the transparency on Highlight Masking, Kodalith 
Ortho, or Reprolith film. A_ diffusion sheet 
(0.003-inch thick) is used between the film and 
transparency. The slight diffusion is an aid in 
registering the mask and transparency, and does 
not change the sharpness of reproduction. An en- 
larger, operating at 110 volts a. c., is the light 
source; and the exposure is made with the trans- 
parency and masking film in a printing frame. 
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The emulsion side of the transparency and mask- 
ing film face the glass as does the matte side of 
the diffusion sheet. Since exposure varies with the 
transparency highlights, an exposure test is made 
and the mask of desired density for the particular 
transparency is selected. 

The principal masks are also contact-printed in 
a printing frame and a diffusion sheet is again used. 
Exposure of the red principal mask is made 
through an F-29 filter and that of the green 
principal mask through an N-61 filter. Exposure is 
adjusted so that the darkest shadow detail in the 
transparency is just perceptible in the mask. 
While exposure is not as critical as that for the 
highlight mask, an underexposed principal mask 
will produce flat highlights and contrasty shadows 
in the print; and an overexposed mask will give 
the opposite effect, contrasty highlights and low 
contrast shadows. The density range of the princi- 
pal masks should be one-fourth to one-third the 
density range of the transparency or highlight 
masked transparency. Both principal masks, red 
and green, should be identical in shadow density 
and density range. 

The red principal mask is registered on the base 
of the transparency if the matrices are to be made 
by projection. The masked transparency is placed 
in the printing frame with the mask towards the 
glass, and the separation negative film is placed 
emulsion toward the glass and transparency emul- 
sion. Diffusion material is not used. The mask is 
left on the transparency during exposure of both 
the red and green separation negatives. It is then 
taken off and the green principal mask is regis- 
tered with the transparency for printing the blue 
separation negative. 


Making the Separation Negatives 


A dye Transfer Print will be no better than the 
transparency from which it was made. To make a 
good print, a good transparency must be used. A 
print from an overexposed transparency will show 
a loss in overall color saturation and color gra- 
dation in the highlights. A print from an under- 
exposed transparency will have a loss of shadow 
detail and distortion of color balance. The trans- 
parency selected for printing should be free from 
physical defects, be in sharp focus, and have a 
relatively low lighting contrast (not more than 1 
to 4). The best reproduction will be obtained 
from a transparency slightly darker than is con- 
sidered normal for viewing. 

Firm. The first step in printing a transparency 
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is the production of a set of separation negatives 
closely matched in contrast and density. Sepa- 
ration negatives are records of the red, green, and 
blue content of the transparency, each one being 
made on a Separate sheet of a suitable panchro- 
matic film. The H & D curve of this film must 
have a long straight-line portion and _ closely 


matching curves when exposed through the 
primary filters. 
Exposures. <A densitometer is used to read 


densities of the brightest nonspecular highlight 
and the darkest shadow of the transparency in 
which detail is desired in the print. The differ- 
ence between these readings is the density range 
of the transparency. A step tablet or gray scale 
is taped along one side of the transparency and 
exposed along with the transparency on each 
separation negative. The step tablet is made up 
of 21 steps of increasing densities which will 
represent any density range appearing in a sepa- 
ration negative. The density values of the original 
step tablet and density values of its reproduction 
on the negative are read with the densitometer. 
The separation negative values, plotted on graph 
paper, give a measure of the exposure balance, 
contrast, and density range of the negatives. The 
graph is constructed with original step tablet 
densities across the bottom and_ reproduced 
densities scale on the vertical. 

The shadow density of the separation negatives 
should be maintained between 0.35 and 0.40. 
The separation negatives are developed to a 
gamma (about 0.70) that will produce a density 
range comparable to the density range of the 
transparency. This gamma is calculated by divid- 
ing the desired density range of the separations 
by the MASKED transparency range. The de- 
velopment times are read from the individual 
gamma charts. The H and D curves of the 
developed separation negatives are then read and 
plotted on graph paper. The base line densities of 
this graph are the masked step tablet densities, 
which are read with the red principal mask regis- 
tered over the step tablet. 

Separation negatives from a 4- by 5-inch nega- 
tive are usually made by contact in printing 
frame. With the step tablet taped to the trans- 
parency the exposure is made on 6- by 8-inch 
film. Exposures are made through a primary 
filter in a filter holder placed over the lens of the 
enlarger. 

The exposure ratio varies slightly between the 
primary filters (F-29, N-61, and 47-B) depend- 


152 


ing upon the film characteristics. As an example, 
if the red separation exposure through the F-29 
filter requires about 25 seconds, the green sepa- 
ration through the N-61 filter will be about 15 
seconds, and the 4/7-B blue separation exposure 
will be approximately 20 seconds. This ratio will 
usually be fairly accurate and suitable as a start- 
ing point for setting up exact exposure times. 


The gamma value or development contrast of 
all three separation negatives should be the same. 
Gamma, of course, is determined by the slope of 
the curve. If these values are not the same, the 
developing times must be changed. The three H 
and D curves must also coincide and must not be 
shifted to the left or right of each other. If they 
do not coincide, but are parallel, the developing 
times are correct; and by adjusting the relative 
exposure times on another set of separations, this 
shift can be corrected. The exposure times should 
also be changed if the density range of the 
transparency is not recorded in the straight line 
portion of all three separation negatives, and if 
the shadow density does not fall between 0.35 and 
0.40 which is necessary in order to give correct 
rendition of shadow detail in the print. 


The desired separation negative density ranges 
for comparable transparency ranges are as follows: 


Separation negative density range of 1.20 for 
transparency density range of 1.80 or over; 
Separation negative density range of 1.00 for 
transparency density range of 1.45 to 1.80; 
Separation negative density range of 0.80 for 
transparency density range up to 1.45. 


Production of Matrices 


When a balanced set of separation negatives 
has been made, the next step in making a Dye 
Transfer Print is to produce the positive printers 
or matrices. A matrix is made from each of the 
separation negatives. After these matrices have 
been exposed and processed they are dyed in the 
color of dye complementary to the color of light 
used to make the separation. The matrix from the 
red separation is dyed cyan, that from the green 
is dyed magenta, and the one from the blue sepa- 
ration is dyed yellow. When the three dye images 
are transferred in register to a sheet of Dye 
Transfer Paper, a color print is produced. 

Matrix FILM. Matrix film is made specifi- 
cally for preparing Dye Transfer matrices from 
color separation negatives. It is a blue sensitive 


film and may be handled under a Wratten 1A 
safelight filter (light red). Since exposures are 
made through the back of this film, the base is 
clear. A yellow dye is incorporated in the emul- 
sion to limit exposure penetration and keep the 
image close to the base of the film. This yellow 
dye is removed during processing. 

Tanning action during development causes the 
exposed emulsion areas to adhere to the film base 
in direct proportion to the amount of exposure. 
The unexposed portions are then washed off in 
hot water (120°F.), leaving the positive relief 
image. If the matrix film is accidently exposed 
through the emulsion side all of the emulsion will 
wash off in the hot water; therefore, this film 
must be exposed through the base. 

EXPOSURE OF MATRIX FILM. Matrix film 
must receive the correct exposure. A balanced 
set of separation negatives will require identical 
exposures for the matrices; however, minor ad- 
justments in exposure of the matrices can be 
made to counteract slight differences in densities 
of the separation negatives. Whites, greys, and 
blacks can be reproduced as neutrals only when 
the three matricies have equal densities in these 
areas and when the dyes are in balance. 

An exposure test is made through the red 
separation negative, since the overall print density 
is controlled by the cyan printer. There should be 
just a slight perceptible transfer of color in the 
diffuse white highlight areas of the print. The 
step wedge is included in the test print. Proper 
exposure is determined by selection of the first 
density value in the step wedge which shows a 
definite perceptible transfer of cyan dye. The 
density value of this step is read as well as the 
densities of the highlight areas in each separation. 
Matrix exposure time is determined by means of 


a Kodak Dye Transfer Data Guide. Set the 


Separation Nega- 
tive Density 
Range: 


To Develop 


For: 


Extreme Low 
Contrast 

Low 

Contrast 
Normal 

Fgh 
Contrast 
Extreme High 


Contrast 


Solution A 
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selected step density opposite the test exposure 
time on the guide, and the printing time for each 
matrix will be opposite its highlight reading den- 
sity. If all three separations have the same highlight 
density the matrices will receive the same 
exposure. 

When matrices are printed by projection, each 
separation negative should be placed in the same 
relative position in the negative carrier to facili- 
tate registration of the matrices. A sheet of white 
paper may be placed on the easel when the matrix 
format is decided upon and a few key lines and 
points marked on it with a pencil. Then as each 
negative is positioned in the negative carrier, it 
may be aligned with these key lines on the sheet 
of paper. The easel should NOT be moved during 
printing of the three matrices. Matrix film emul- 
sion is easily damaged, especially during the hot 
water rinses; therefore, a border is left around all 
sides of the image. For registration and punching 
the transfer board holes, a border of at least one 
inch should be left at the top of the matrix. 

MatTRIX IDENTIFICATION. Each matrix should 
be identified after exposure so that there will not 
be a mixup in the dyes. Punch marks provide an 
easy method of identification. The cyan printer is 
not marked; one punch mark is used for the 
magenta printer, and two punch marks for the 
ycllow printer. 

MATRIX DEVELOPMENT. Processing of ma- 
trices is done in a two-solution, tanning developer. 
Contrast control is accomplished by ratio changes 
between the two solutions. The contrast selected 
depends upon the density range of the separation 
negatives, type of enlarger, subject matter, and 
type of print desired. The following contrast con- 
trol table shows the developer combinations and 
exposure adjustments necessary to change con- 
trast on matrix film. 


Parts by Volume of: 
Solution B 


Exposure 
Change 
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These combinations and adjustments are for con- 
denser type projection printers. In order to use 
the chart when printing with diffusion type en- 
largers, add .20 density to each number in the 
separation negative density range column. 

Matrices should be processed to bring them to 
the desired separation negative range. For ex- 
ample: if the desired separation negative range 
was 1.00, the negative range attained was 1.20, 
and contrast was to be lowered to 1.00, the di- 
lution of the two solutions would be 1 to 1-1/2 
parts of A and B respectively. When a set of 
matrices has been made and a change in contrast 
is desired, the above table is used to determine 
the necessary changes in developer and exposure. 

The three exposed sheets of matrix film are 
processed together by means of an interleafing 
action. Matrix film is always processed emulsion 
down to minimize damage. The yellow printer is 
the lead matrix throughout the process and is 
followed by the magenta and then the cyan 
printers. After these films are fixed, they are 
handled singly, emulston up, through a hot water 
wash and chill bath. All three sheets must be 
handled identically throughout the process and 
hung to dry in the same relative positions. A non- 
hardening fixing bath is used for matrix film in 
order to have the film wash off correctly in the 
hot water bath. 

Matrix developer temperature must be at 
68°+1/2°F., chill rinses and fixer at 68 - 70°F. 
and the hot water rinse at 120°+2°F. The 
necessary steps in matrix processing are as follows: 


Developer Combine and stir vigorously 

premix for 10 seconds. Pour into tray. 

Developer Continuous interleafing for 2 
minutes. 

Rinse Two interleafing cycles — 1/2 
minute. 

Fixer Continuous interleafing for 2 
minutes. Room lights on after 
1 minute. 

Wash-O ff Tray-tilt agitation 1 minute 
per matrix. 

Rinse Tray-tilt agitation 1/2 minute 
per matrix. 

Edge wipe With fingernail to remove 
traces of gelatin. 

Rinses (2) Tray-tilt agitation 1/2 minute 


per bath per matrix. 


154 


Chill rinse Lift and drain each matrix 


three times. 


Still or circulated dust-free 
air. 


Dry 


Careful handling of the matrix film during 
processing will result in better results in the 
Dye Transfer Prints. 

REGISTRATION OF THE MATRICES. After the 
matrices have been processed and dried they must 
be registered and punched before prints can be 
made. To facilitate registration, they are expanded 
in individual hot water baths (100°F.) for at 
least 12 minutes. After this expansion bath, the 
matrices are dyed in their respective dyes for at 
least 5 minutes and then rinsed in a 1-percent 
acetic acid bath and hung to dry. Again, the 
matrices must be handled and dried identically. 

After the dyed matrices have dried, the cyan 
printer is taped, emulsion side down on a sheet 
of plate glass (should be larger than the matrix) 
with its wide border extending about 1 inch 
beyond the edge of the glass. Care must be taken 
not to stretch or buckle the matrices during 
registration. The magenta printer is then super- 
imposed (registered), emulsion down, on top of 
the cyan printer. A magnifying glass will aid in 
getting perfect registration of the matrices. After 
the magenta printer is registered and taped to the 
glass, the yellow printer (again emulsion down) 
Is registered in the same manner. Check regis- 
tration in widely spaced areas of the matrices; 
all registration must be done while looking verti- 
cally down on the matrices and plate glass. A 
lighted viewing table should be used to provide 
the light source for registration. 

After all three printers are in register and 
taped securely to the plate glass, the overlapping 
edges are trimmed even on a paper cutter. A 
piece of plate glass is laid on top of the matrices 
to prevent them from creeping or buckling. After 
trimming, the ends of the matrices are placed in 
a Matrix Film Punch and holes are punched for 
use on the transfer board pins. The printers are 
then removed from the plate glass, reexpanded, 
and redyed in preparation for the image transfer 
to Dye Transfer Paper. 


Dye Transfer Paper 


Kodak’s Dye Transfer Paper is a doubleweight 
photographic paper coated on one side with a 
non-light sensitive emulsion. This paper is avail- 
able in three surfaces; F (glossy-white), G 





(cream-white lustre), and A (white-lustre). Ex- 
posure and contrast requirements will vary 
somewhat for the matrices when they are printed 
on these surfaces because of the difference of 
dye absorptions between the surfaces. The test 
print of the cyan printer should be made on the 
paper surface that will be used for the final 
print. F and G surface papers are very similar in 
both contrast and density requirements and in 
most cases may be used interchangeably. Matrices 
to be printed on A surface paper require an in- 
crease of about one stop in exposure and one 
step more contrast than those printed on F or G 
surfaces. F surface paper should be used for UR 
photographs, scenics, and record type _photo- 
graphs. G surface paper may be used for por- 
traits, groups, and scenics, while A surface paper 
should be used only for scenic photographs. 


Transferring the Dye 


Prior to placing the matrices into the dye 
baths, the transfer paper must be conditioned to 
prepare it for transfer. The paper must be soaked 
a minimum of 30 minutes in Kodak Dye Transfer 
Paper Conditioner before making the transfers. 
The paper should be one size larger than the 
matrices, and enough sheets should be conditioned 
to make the required number of prints. The 
conditioner may be used until completely ex- 
hausted. It must be kept clean and free from 
foreign matter which might stick to the paper 
during the soaking period. Dye Transfer Paper 
may be left in the conditioner indefinitely as long 
as it Is agitated frequently. 

After the matrices have .been expanded and 
placed in the dyes on a rocker table (first dye 
cycle minimum of 5 minutes — _ subsequent 
dyeings minimum of 3 minutes), the cyan printer 
is lifted from the dye, drained, and placed in a 
1% acetic acid rinse for 1 minute. It should be 
agitated continuously during this first rinse. After 
the first acid rinse, the matrix is placed in a 
holding bath (also 1% acetic acid) on the rocker 
table for at least 30 seconds but not over 3 
minutes. During this time the conditioned paper 
is placed on the transfer board, emulsion up, in 
position to receive the dye transfer from the 
matrix. The paper should be positioned close to 
the registering pins but should not touch them. 
Excess paper conditioner is then removed with a 
squeegee. The cyan printer is then removed from 
the holding bath, and the register holes placed 
over the transfer board pins. This is done with 
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one hand while the other holds the matrix away 
from the surface of the paper. The pin clamps are 
then carefully closed, not snapped. A roller is 
then placed close to the clamps and carefully 
rolled the length of the matrix; the weight on 
the roller will be sufficient to make good contact 
between matrix and paper. To prevent dye 
smears, it is necessary to hold the matrix away 
from the paper before it is rolled down. 


While the cyan printer is transferring (2 to 
J minutes), the magenta printer is run through 
a fresh first rinse and placed in the holding bath. 
When the cyan dye transfer is complete, the 
cyan printer is cleaned for 3 minutes in 100°F. 
water and returned to the dye bath. The magenta 
printer is placed on the transfer board exactly as 
was the cyan printer and is allowed to transfer 
for the same length of time. Again, while the 
magenta dye is transferring, the yellow printer is 
removed from its dye bath, drained, put through 
a fresh first acid rinse, and placed in the holding 
bath. When the magenta transfer is complete, 
the magenta printer is removed, washed, and re- 
dyed for the next print. The transfer time of the 
yellow printer which follows the magenta must 
not exceed two minutes. By the time the yellow 
transfer is complete, the other matrices should be 
ready to start the transfer cycle for the next 
print. 

When a print is removed from the transfer 
board, it should be rinsed in a clean 1% acetic 
acid solution and placed between blotters to ab- 
sorb as much moisture as possible. Dye Transfer 
Prints should be dried as quickly as possible to 
increase print sharpness. 

When the Dye Transfer Print is dry it should be 
checked for color quality under the same type of 
lighting as will be used when displaying it. If the 
print is not acceptable, the quality of subsequent 
ones may be improved by adding control solutions 
to the first acid rinse. These controls should not 
be used as a cure for an out-of-balance set of 
matrices because inferior print quality will re- 
sult. The control solutions are as follows: 


a. A 5% solution of sodium acetate which 
is used to decrease color density and 
contrast. 


A 28% acetic acid solution used to in- 
crease contrast slightly. 


c. Highlight reducer which is used to clean 
the highlights. 
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The amount of control solution used and the 
length of time the matrix is treated in the first 
acid rinse determines the amount of control ob- 
tained. The matrix may be rinsed in the first acid 
rinse from 1 to 5 minutes, depending upon the 
desired effect. From 1 to 5 cc of 5% sodium 
acetate, 3 to 10 cc of 28% acetic acid, and 1 to 
5 cc of highlight reducer may be added to a 
S-ounce rinse. Highlight reducer may be used in 
the same rinse with either sodium acetate or 
acetic acid. 

If prints of extra high contrast are required, 
the matrices are dyed in high-contrast dye solu- 
tions. These dyes are prepared by adding acetic 
acid to each dye in proportions indicated on the 
dye set instruction card. These high contrast dye 
solutions should be labled as such and kept 
separate from the normal solutions. 

After four 8- by 10-inch (or equivalent) prints 
have been made, the dyes must be replenished 
with dye concentrate as indicated on the dye 
set instruction card. This replenishment rate is 
for subjects of average density and color distri- 
bution. The dye concentrates must be measured 
accurately to insure that the correct amount is 
added to the dye solution. 

The dyes should be filtered each day before 
use, and kept stored in stoppered bottles when 
not in use. If they are left in trays, these dyes 


will collect dust and dirt and also change con- 
centration through evaporation. 

As with all color processes discussed in_ this 
chapter, the Dye Transfer Process relies on 
cleanliness and accuracy of workmanship to pro- 
duce consistently good results. Careful work will 
yield color prints which will satisfy the most dis- 
criminating critic. 

This chapter has given you a look into the 
theory and mechanics of both reversal and nega- 
tive color photography. As pointed out through- 
out the chapter, accuracy and cleanliness are 
essential in all phases of these processes. Care 
must be taken to choose the correct tool for the 
job. If a group of transparencies is to be dis- 
played, the reversal type materials should be 
used. If prints are to be made, it is necessary to 
decide which method will be the most advan- 
tageous. Constant practice with good techniques 
will improve color photographic results. Making 
color prints only once a year or so will not be 
conducive to good quality products. The color 
photographic field is large and complex. Most 
libraries will have many excellent books on the 
subject and its various aspects — whether por- 
trait, scenic, criminal, medical, or other types of 
photography. Further research into the subject 
will help any USAF photographer become a 
greater asset to the service. 


== =_ 





NEGATIVE DEFECTS 


Abrasion Marks or Streaks 


APPEARANCE. Fine, black lines usually resembl- 
ing pencil scratches and running in the same di- 
rection. 

Cause. Friction on the emulsion of the film 
caused by improper handling or storage at some 
time between its manufacture and development. 


These streaks may be readily produced by laying. 


two films emulsion-to-emulsion and sliding one 
across the other when particles of dust are present 
between the sensitized surfaces. 

REMEDY. Great care should be taken in the stor- 
age of the film and other sensitized material. The 
boxes containing such supplies should be stored 
on end in order that no pressure is exerted on the 
surface of the emulsion. Care should also be taken 
not to rub or drag a piece of sensitized material 
over a rough surface, either before or during de- 
velopment. 


Air Bells 


APPEARANCE. When an air bell occurs during de- 
velopment, it shows as a small transparent spot. 
Sometimes a minute, dark streak leads from the 
spot. When the negative is rocked in a tray, the 
streak projects from each side of the transparent 
spot in the direction the tray is rocked. If the tray 
is rocked in two directions, the streak will form a 
cross with the transparent spot in the center. When 
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appendix 


the air bells occur in tank development, the dark 
streak usually forms at the lower edge of the trans- 
parent spot. When the air bells occur in the fixing 
bath, they show as small, round, dark areas. 


Cause. The transparent spots which occur in the 
developer are caused by bubbles of air on the sur- 
face of the emulsion, which prevent the developer’s 
coming in contact with the emulsion. The dark- 
ened streaks are the result of the excess oxidation 
of the developer, caused by the air in the bubbles. 
The dark spots which occur in the fixing bath are 
caused by the pocket of air holding the fixing bath 
away from the emulsion. This allows a slight con- 
tinuation of development. 


REMEDY. Immerse film carefully and thoroughly 
in the developing and fixing solutions; move film 
during development and fixation in order to break 
up and prevent air bells. Water always contains 
some air and, when there is a rise in temperature, 
this air is expelled and gathers in the form of small 
bubbles on the inside of the tank and also adheres 
to the surface of the film during the preliminary 
stages of development. The water needed for de- 
velopment may be allowed to stand for several 
hours at the temperature required for use before 
beginning developing operations. 


Blisters 


APPEARANCE. Blisters on negatives resemble the 
familiar ones which arise on the human skin from 
shght burns. 
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Cause. Blisters are caused by fluid or gas, 
formed between the emulsion and the film support 
when the solution has become too warm and has 
loosened the gelatin from its support. They are also 
produced by a developer and fixing bath that are 
both strongly concentrated. In changing a film from 
one bath to the other, there is a formation of gas 
between the emulsion of the film and its support. 
Blisters are frequently caused by insufficiently rins- 
ing the film after development and placing it di- 
rectly into a fixing bath having strong acid con- 
tent. Another common cause of blister is allowing 
water from the faucet to flow directly on the emul- 
sion side of the negative. 

RemMepy. The description of the causes of blis- 
ters indicates the manner in which these defects 
may be avoided. 


Blurred Negative 


APPEARANCE. Indistinctness or lack of definition 
in the negative image. 

Cause. The subject was not properly focused on 
the film; there was movement of the camera or of 
the subject; or, through lack of proper adjustment, 
a portion of the film was not flat in the focal plane 
of the camera when the exposure was made. A 
blurred effect is sometimes produced by moisture 
or haze on the lens or by a dirty lens. 

Remepy. Care in focusing and in holding the 
camera; keeping camera in proper adjustment and 
the lens free of moisure or dirt. 


Brown Spots 


APPEARANCE. Brown or sepia-colored spots or 
small areas on the negative.’ 

Cause. Brown spots are produced by an oxidized 
developer or by fine particles of chemicals settling 
on the film prior to development. This defect may 
also occur during the washing of the negative from 
rust or other impurities in the wash water. 

REMEDY. Avoid an exhausted or oxidized de- 
veloper. Do not use the developing laboratory for 
the mixing of chemicals. Filter the water used for 


washing. (See Spots.) 


Crystalline Surface 


APPEARANCE. The surface of the negative emul- 
sion possesses a crystalline appearance suggesting 
frost on a window pane. 

Cause. Insufficient washing after fixing. Hypo 
remains in the film and crystallizes. 

REMEDY. Sufficient final washing. 
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Dark Lines 


APPEARANCE. These lines must be divided into 
two distinct classes; those dark lines which run 
from dark areas to the more transparent areas of 
the negative, and those lines which run from the 
more transparent areas to the darker areas. In 
both cases the lines are wider, not as clean-cut, and 
not as nearly parallel as abrasion marks. 

Cause. The first class is caused by insufficient 
agitation of the negative in tank development. 
The cause of the second class is supposed to be of 
an electrolytic origin. 

ReMepy. For the first class, more frequent agi- 
tation of negative during development. The rem- 
edy for this class aggravates the defect in the sec- 
ond class. The only known remedy is to remove 
all the film hangers from the tank four or five times 
during the developing period, holding the hangers 
in a bunch, and allowing the corner of the bunch 
of hangers to rest on the edge of the developing 
tank for 10 or 15 seconds. 


[Excessive Contrast 


APPEARANCE. The negative record of the high- 
lights and even of some of the halftones of the sub- 
ject is in density greatly out of proportion to the 
record of the shadows. 

Cause. Overdevelopment. 

REMEDY. Proper development. 


Fading Tendency 


APEARANCE. Sepia or yellow-colored stains or 
areas in the negative. 

Cause. Incomplete fixation or insufficient wash- 
ing. Remnants of the fixing bath left in the emul- 
sion continue their action and in time this defect 
appears. 

Remepy. Always fix and wash the negatives fully 
and properly. Final washing is as important as any 
other operation in negative making. 


Finger Marks 


APPEARANCE. Imprint of fingers on the nega- 
tive. 

Cause. Impressing wet or greasy finger tips on 
the emulsion side of the film before or during de- 
velopment or fixation. If the mark is merely an 
outline of the finger, it was caused by water or 
grease on the finger; if dark, by developer; and if 
transparent or light, by the fixing bath. 

REMEDY. Keep the hands clean and dry when 


handling dry film. There is sometimes enough nat- 
ural oil on the finger tips to cause the grease marks 
referred to above. Handle film by the edges. When 
the fingers have become wet with water or solu- 
tion, wash and dry them before attempting to han- 
dle film. Keep the hands out of the fixing bath 
as much as possible, but whenever it becomes nec- 
essary to place them in the solution, always wash 
them thoroughly before handling the film. 


Flatness 


APPEARANCE. Insufficient contrast between the 
highlights, halftones, and shadows in the negative 
reproduction of the subject. 

Cause. Flatness in the negative usually results 
from underdevelopment, but the subject contrast 
or lighting may have been flat. 

REMEDY. Continue development for the proper 
length of time to reproduce the contrast of the 
subject. ; 


Fog 

Fog is a deposit of silver which does not form 
part of the image. It may be very dense or only 
a slight veiling. It may occur on local parts or 
it may darken the entire negative. Fog increases 
the density and decreases the contrast of a nega- 
tive. Fog may be divided into four types: aerial, 
dichroic, light, and chemical. 


Fog (Acrial) 


APPEARANCE. Slight veiling of the negative or 
parts of the negative exposed to air during devel- 
opment. 

Cause. Exposure to air during development, es- 
pecially when hydroquinone is used as a reducing 
agent. Most frequently occurs in freshly mixed de- 
velopers, especially those containing excessive 
amounts of hydroquinone or alkali. Developers con- 
taining formaldehyde or minute traces of copper or 
tin in the developing solution are also likely to 
cause aerial fog. 

Remepy. Use a desensitizer before development. 
Add potassium bromide to developer or add used 
developer to fresh developer. 


Fog (Dichroic) 


APPEARANCE. Usually a fog of little density, con- 
sisting of finely divided particles of silver. When 
viewed by transmitted light, it is pinkish; when 
viewed by reflected light, it is a reddish-green. 
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Cause. Using ammonia as an accelerator. The 
presence of hypo or an excessive amount of sulfite 
in the developer. 

RemeEpy. The fog can easily be removed by treat- 
ing negative in a weak solution of potassium per- 
manganate. The prevention is obvious from the list 
of causes. Further prevention is assured by using 
clean trays for developer and fixing bath. 

Frilling 

APPEARANCE. Edges of the gelatin become de- 
tached from the base. The detached edge of the 
emulsion may either break off or fold over. When 
the latter happens, it is sometimes possible to 
smooth out the emulsion when the negative is 
placed to dry, partially remedying the damage. 

Cause. Careless handling; using solutions that 
are too warm; insufficient hardening of the emul- 
sion from insufficient fixation; a spent fixing bath 
or one containing an insufficient amount of hard- 
ener; excessive washing. Frilling is usually caused 
by the combination of careless or too frequent han- 
dling of the film and any mistake that will render 
the emulsion of the film soft. 

Remepy. Handle film carefully and not too 
much; have all working solutions sufficiently cold 
and of proper freshness or strength. Wash film suf- 
ficiently, but never excessively. 


Gas Bells 


APPEARANCE. Minute pimples or blisters. 

Cause. Transferring a negative from a strongly 
concentrated developer to a strongly acid fixing 
bath without thoroughly rinsing the negative after 
removing it from the developer and before immers- 
ing it in the fixing bath. In warm weather, gas 
bells may appear in developing and fixing solutions 
of normal strength if the rinsing between develop- 
ment and fixation has been insufficient. 

Remepy. Use intermediate hardener rinse bath. 


Halation 


APPEARANCE. A dark bank or area extending 
from the negative record of intensely bright objects, 
suggesting a double image, and appearing in the 
print as a halo or star of light around the object. 

Cause. Photographing an intensely bright ob- 
ject that is surrounded by dark objects. The in- 
tense light penetrates the emulsion and is reflected 
back by the negative support. 

RemMepy. Use nonhalation film and avoid point- 
ing the camera at bright sources of light. 
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Lines Suggesting Lightning 

APPEARANCE. Fine, opaque, forked, or branched 
lines resembling lightning. 

CauseE. Charges of static electricity accumulat- 
ing on the negative. The static may be discharged 
while winding the film in the camera, loading or 
unloading, or at any stage of processing. This de- 
fect is most common in roll films but may occur 
in cut film if the dark slide is pulled rapidly from 
the film holder. 

REMEDY. Always wind and reel film slowly. Do 
not touch film with fingers when winding on reels 
for developing. Avoid dragging film over plush sur- 
face. Withdraw and replace dark slides slowly. 


Negative Too Dense 


APPEARANCE. Negative image composed of a 
too heavy silver deposit, which diminishes the 
normal or desired degree of transparency. 

Cause. Overexposure, overdevelopment, or a 
combination of the two. In addition to the heavy 
image, there may be a veiling of fog produced by 
overdevelopment. (See Fog.) 

REMEDY. The proper degree of transparency for 
a negative is best found in making a print from 
the negative rather than by merely looking at the 
negative as it is held in front of a light. 


Negative Too Thin 


APPEARANCE. Insufficient silver deposit forming 
the negative image. This is apparent from the ex- 
cessive degree of transparency. 

Cause. Underexposure, underdevelopment, or a 
combination of the two. 

REMEDY. Proper exposure and development. 


Opalescence 


APPEARANCE. A whitish appearance of the emul- 
sion, suggesting the color of an opal. 

Cause. Use of alcohol to hasten the drying of 
an insufficiently washed film or lantern slide. 

REMEDY. Return opalescent film or slide to fix- 
ing bath and allow it to remain in that solution 
until the opalescence has disappeared and then 
thoroughly wash it. Note: Use denatured alcohol, 
diluted nine parts alcohol and one part water. This 
diluted solution will usually not cause opalescence. 


Pinholes 


APPEARANCE. Minute transparent spots in nega- 
tives. 


160 


Cause. Dust on film before exposure. 
REMEDY. Proper handling of film. 


Pit Marks 


APPEARANCE. Fine holes or pits in the emulsion. 

Cause. Excessive amount of alum in fixing bath; 
sulfurous precipitation from the fixing bath when 
negatives are fixed in a tray; too rapid drying of 
the negative. 

Remepy. Proper fixing and drying. 


Purple Discoloration 


APPEARANCE. Purple-colored stain. 

Cause. High iron content in water with which 
chemicals were mixed. Frequently occurs when 
negatives are allowed to stick together in the fixing 
bath, so that fixation does not take place in the 
adhered areas of the two emulsions and develop- 
ment continues even while the film is in the fixing 
bath. The spots caused by continuation in devel- 
opment are not a brilliant purple, but black with 
a purplish cast. 

ReMepy. If practicable, filter throughly all wa- 
ter used for washing. A simple method of doing 
this is to tie felt or a good straining material over 
the faucets supplying the running water in which 
negatives are washed. Avoid impure water in mix- 
ing solutions. Negatives must be kept in motion in 
the fixing bath. 


Reticulation 


APPEARANCE. Leatherlike graininess or wrinkling 
of the emulsion. 

Cause. Too great a difference in the tempera- 
ture of the baths or between final wash water and 
air in which negative is dried. Due to the temper- 
ature of a solution or wash water, the gelatin of 
the emulsion may become badly swollen and upon 
shrinking will contract irregularly due to the me- 
tallic silver incorporated in the emulsion. Also 
caused by excessive softening of the emulsion fol- 
lowed by a strong hardening bath or a highly alka- 
line treatment followed by strong acid. 

REMEDY. Keep all solutions cool and at uniform 
temperatures. Under tropical conditions, use a con- 
centrated developer and short development. The 
reticulation effect may sometimes be removed by 
placing the negative in a 10 percent solution of 
formaldehyde for a few minutes and drying in 
front of a fire. Use ample ventilation in drying 
negatives. 


Reversal of the Image 


_APPEARANCE. Positive image when the negative 
is examined by transmitted light. 

Cause. Extreme overexposure of negative. This 
type of reversal is seldom encountered, although 
quite often certain parts of the subject, such as 
street lights in exteriors or windows in interiors, 
will be reversed from overexposure. 

Reversal of the image is often caused by an un- 
safe darkroom lamp or by exposing the film to 
light during development and before fixing. The 
image which first develops serves as a negative and, 
on exposure to light, an image is printed on the 
emulsion below, as in the case of making a print. 
This develops upon further development, the image 
produced being a positive. 

REMEDY. Make safelight safe; avoid developing 
too close to safelight; avoid holding negative too 
close to safelight for prolonged view during proc- 
ess of development. Also make sure that darkroom 
is light-tight. 


Spots 


APPEARANCE. Spots may be transparent and col- 
ored, opaque, or semi-opaque, depending upon 
the cause of each. They may be sharply defined 
or the edges may be soft and show a gradual blend- 
ing to the normal color of the negative. 

Cause. White or transparent spots, indicating 
an absence of silver deposit, may be caused by dust 
on the film during exposure or development. The 
dust prevents the light or the developer from act- 
ing on the emulsion lying beneath the particles 
and, as the dust is washed off either during fixing 
or washing, the film remains clear. An air bell may 
produce a spot. (See Air bells.) Floating chemical 
dust may settle on a film either before or after de- 
velopment. The particles of chemicals settling ce 
the film before development may destroy its sensi- 
tiveness to light in the portions of the emulsion 
that they cover. Hypo dust will dissolve away a 
portion of the emulsion. To produce a white spot 
after development, the chemical must dissolve the 
silver. Thus, if particles of potassium ferricyanide 
adhere to a moist negative during drying, fine 
white spots having a coatlike tail will result. 

Opaque, semi-opaque, or black spots result from 
actual particles of grit or foreign matter on the 
negative or imbedded in the emulsion. Dust or par- 
ticles of iron rust in the wash water will cling to 
the film during washing unless carefully wiped off. 
Particles of hydroquinone, pyro, metol, and sodium 
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carbonate settling on the film before development 
will cause more development to occur in these 
spots. If the chemical dust settles after develop- 
ment, stained spots may be formed. Any undis- 
solved particles left in the developer on mixing or 
any fine crystals which settle out when the develop- 
er is cold will settle on the film during develop- 
ment and cause spots. Spots caused by undissolved 
particles of chemicals settling on emulsions usually 
are round or oval with minute “tails” projecting 
from them. The tails often point in the direction 
in which the tray was rocked and usually point 
downward in tank development. 

Brilliant green, blue, or purple spots on nega- 
tives will often result from processing negatives in 
enamel trays, having the enamel chipped away in 
spots. 

REMEDY. Keep the camera, magazine, and hold- 
er free from dust. Avoid mixing chemicals in the 
negative-making laboratory. See that all ingredients 
of a developer are dissolved before using the solu- 
tion. Examine the developer to see that it is free of 
foreign particles and, if not, filter it before using. 
Use trays of proper size. 


Streaks 


APPEARANCE. Streaks and patches, as in the case 
of spots, may be dark, white, or transparent. They 
are considered white if-lighter than the surround- 
ing area, and vice versa. 

Cause. Dark patches or streaks may be due to 
uneven development caused by not flowing the de- 
veloper evenly over the film, by not rocking the 
tray, or by not moving the film in the developer. 
They may also be due to a splash of developer on 
the film before developing, a dirty tray or tank, 
using a fixing tray or tank for developing, or light 
fog. If the edges of the film are clear, the trouble 
is in the camera; if fogged, it is due to manipula- 
tion in the darkroom. Certain kinds of resinous 
woods and varnishes will cause dark fog patches. 
White or transparent patches may be due to an 
obstruction in the camera, which prevented the 
light from acting on the plate; a “resist” in the 
form of oil or grease, which has prevented the ac- 
tion of the developer; a splash of hypo; or touch- 
ing the film with hypo-soaked fingers before de- 
velopment. The hypo dissolves away more or less 
of the emulsion so that, on developing, the portion 
touched appears lighter than the rest. Drying 
marks in the form of tear drops or white patches 
are caused by splashes of water on a dry negative 
or by leaving spots of water on the film before 
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drying, especially if the film is dried in warm air. 

Remepy. The precautions to be taken to avoid 
streaks suggest themselves when the cause of the 
streak is traced. In many cases, they can be avoided 
by care in operations and in the maintenance of 
apparatus. When placing a negative to dry, always 
blot excessive moisture from both sides. After neg- 
atives have dried for a few minutes, remove tear 
drops with a clean cloth or chamois. 


Uneven Development 


APPEARANCE. A streak or area of different dens- 
ity from remainder of the negative. 

Cause. Failure to immerse the entire surface of 
the film simultaneously, allowing two films to ad- 
here while in the developer, or not keeping the film 
in movement by rocking the tray or reversing tank 
during development. 


Uneven Emulsion 


APPEARANCE. Variations in the thickness of the 
emulsion. 

Cause. Faulty manufacture in that the emul- 
sion was not evenly coated over entire surface of 
the film. 

REMEDY. Return sensitized material to manufac- 
turer for replacement, enclosing film in original 
box, or at least giving the manufacturer’s number 
of the emulsion. This defect is rarely encountered. 


Uneven Fixation 


APPEARANCE. Variation in density of certain 
areas of the negative. _ 

Cause. Similar to the cause of uneven develop- 
ment except that the defect occurs during fixation 
instead of during development. 


White Deposit 


APPEARANCE. White granular deposit on surface 
of negative. 

Cause. Exhausted or improperly-prepared fixing 
bath. A sediment of sulfur is deposited over the 
surface of the negative and whitens when the nega- 
tive is dried. 

REMEDY. Replace fixing bath; swab emulsion 
side of the negative before placing to dry. 


Yellow Stains 


APPEARANCE. Areas of the negative colored yel- 
low. 
Cause. The commonest yellow stains are oxi- 
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dation and silver stains. These are due to weak or 
decomposed fixing bath; slightly oxidized or ex- 
hausted developer; failure to rinse negative be- 
twen development and fixation; uncleanliness, 
dirty trays or impurities carried into developer from 
the hands; hypo or fixing bath in the developer; 
insufficient washing; excessive amount of carbo- 
nate in developer; or leaving the negative insuff- 
ciently covered in fixing bath. The area insufh- 
ciently covered is fixed only as far as first stage and, 
on exposure to the air, reveals a yellow stain. 


PRINT DEFECTS 


Abrasion Marks or Streaks 


Cause. Fricton on the emulsion of the paper due 
to improper storage or handling. 

ReMeEpY. Sensitized photographic paper should 
always be handled with the utmost care. When cut- 
ting large sheets of sensitized paper to smaller siz- 
es, place two sheets together, emulsion to emulsion, 
thereby protecting the sensitized surfaces from con- 
tact with the paper cutter. The paper should be 
kept on edge in a cool, dry storage place and never 
handled roughly. The addition of a small amount 
of potassium iodide to the developer (not exceed- 
ing one-eighth of a grain to each ounce of work- 
ing solution) will generally eliminate abrasions. 
Use potassium iodide only when necessary. 


Air Bells 


Cause. Spots result when bubbles of air form 
on the surface of the print during development, 
thus preventing the solution from reaching the 
emulsion covered by them. The spots will be white 
if the bubbles are formed in the developer and dis- 
colored if formed in the fixing bath. 

REMEDY. Immerse the sheet of paper in the de- 
veloper with a sliding movement — emulsion side 
up — as quickly and evenly as possible. Always 
have plenty of developer in the tray. 


Bad Definition — Blurred Spots 


Causes. Negative and paper not in perfect con- 
tact. In projection printing, bad definition can 
be caused by poor focusing, vibration, or excessive 
magnification. 

REMEDY. If the contact printer has a pneumatic 
platen, the air cushion must be sufficiently inflated. 
If the printer top is constructed with a felt or 
sponge rubber pad, the hinge must be adjusted to 
insure even pressure on the printer glass when the 


platen is in printing position. Check focusing, make 
enlarger more stable or elimjnate vibrations; do not 
enldrge negatives excessively. 


Blisters 


Causes. Anything that will cause a slight rup- 
ture of the emulsion surface may result in the 
formation of a blister. Softening of the emulsion, 
caused by insufficient hardener in the fixing bath, 
allows the gelatin to become separated from its 
paper base. Too great a change in temperature be- 
tween the different processing baths. Allowing wa- 
ter to run directly on the print from the faucet with 
excessive force. | 

REMEDY. Do not allow water from a faucet to be 
directed on any one spot of the print. Use a cor- 
rectly prepared acid hardening fixing bath. It is 
good practice to use two fixing baths — one to do 
the preliminary fixing and one fresh or slightly used 
to finish the process. Keep all solutions as nearly 
even in temperature as possible. 


Blurred Print 


Cause. A print made from the back of a film 
negative will be slightly blurred. If only the edges 
of the print are blurred, the printing mask is too 
thick, thereby preventing proper contact between 
negative nad sensitized paper. 

Remepy. The emulsion side of the negative must 
always be in perfect contact with the emulsion side 
of the sensitized paper; otherwise there will be a 
lack of sharp definition in the print. The material 
used for masking the negative should be thin, 
opaque material. 


Brown Spots and Stains 


Causes. Rust coming into contact with the 
emulsion surface. Chemical dust in the laboratory 
settling on the surface of the paper. Exhausted or 
oxidized developer. Weak acid content in fixing 
bath. Removing prints from developer and handl- 
ing them too much before the developing action is 
stopped. Not using acid short stop, or insufficient 
rinsing in. water betwen development and fixation. 


Fading Tendency 


Causes. Incomplete fixation, resulting in light 
affecting the silver halide which has not been en- 
tirely removed from the emulsion. Prolonged im- 
mersion in a fixing bath that is nearing exhaustion 
and has become overcharged with silver. Insufh- 
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cient washing, permitting hypo to remain in the 
emulsion. This action is gradual, but will be has- 
tened in a damp climate. 


Finger Marks 


Cause. Wet, moist, or chemically contaminated 
fingers. 

Remepy. Bathe hands in cold water and dry 
thoroughly with a clean towel before handling sen- 
sitized materials. 


Flatness 


Causes. Use of wrong contrast of paper for the 
particular negative. Underdevelopment. 


Fog 

Causes. Incorrect safelight. Light struck paper. 
Paper that has passed the expiration date of the 
emulsion. Paper that has been exposed to chemical 
fumes. Prolonged development, especially at high 
temperature. Improperly prepared or contaminated 


‘developer. 


Frilling 
APPEARANCE. When an emulsion becomes loos- 
ened from its supporting base at the edges, it frills. 
Causes. Careless handling in processing. Solu- 
tions too warm. Fixing bath weak or lacking a 
sufficient amount of hardener. 


Greenish-brown Tones 


Causes. Underdevelopment at recommended 
time resulting from overworked developer, develop- 
er diluted too much, too low a temperature, over- 
exposure and underdevelopment, excessive amount 
of potassium bromide, or contamination of de- 
veloper. 

REMEDY. Develop according to manufacturer’s 
specifications. 


Muddy Tones 


Causes. Overexposure. Insufficient develop- 
ment. Dampness. Exposure of paper to chemical 
fumes. Outdated paper. 


Prints Too Dark 


Causes. Overexposure. Overdevelopment. Over- 
exposure and overdevelopment. Insufficient bro- 
mide in developer, resulting in too rapid develop- 
ment. 
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ReMeEpy. When cause has been determined, the 
remedy will be self-evident. 


Prints Too Light 


CAUSES. Underexposure. Underdevelopment. 
Underexposure and underdevelopment. 


Remepy. Determine cause and make new print. 


Purple Discoloration 


Causes. Improper fixation. Failure to move 
prints sufficiently during first minute in fixing bath. 
Not completely immersing prints in fixing bath. 
Allowing prints to float, emulsion side up, on top 
of the fixing bath. 


Spots (White) 


Causes. Foreign matter adhering to the paper 
or negative, preventing exposure in those arcas. 
RemepDY. Keep all surfaces clean. 


Spots (Black) 


Causes. Print made from a negative that has 
pinholes. 

REMEDY. Spot out pinholes in the negative be- 
fore printing. 


Uneven Development 


Causes. Improper immersion of print in the de- 
veloper. Insufficient agitation. Developer not con- 
tinuously agitated. 


REMEDY. Immerse the exposed paper entirely and 
quickly in the developer. Agitate during the entire 
development time. 


Uneven Fixation 


Causes. Failure to move prints frequently while 
in the fixing bath. Prints sticking together. Air bells 
on surface of print (rare). Prints floating on sur- 
face of fixing bath. 

REMEDY. Move prints frequently to avoid air 
bells and insure proper fixation. 


Water Spots 


Causes. Generally a result of hanging the nega- 
tives improperly for drying or handling negatives 
when hung for drying. 

Remepy. Hang negatives so that water will flow 
continuously from the negative in one direction. 


Yellow Stains (Sometimes Brownish-yellow ) 


Causes. Weak or exhausted fixing bath. Weak 
or oxidized developer, or forcing development will 
frequently produce yellow oxidation stains. Failure 
to rinse prints properly between development and 
fixation wil generally cause stains by allowing the 
surplus developer to continue its action in the fix- 
ing bath. Uncleanliness and poor processing meth- 
ods. Insufficient washing. Examining a print by 
white light before being fixed sufficiently to prevent 
further reduction of the silver halide. 


glossary of terms 


Aberrations Optical defects in a lens which caus 
imperfect images. 
Abrasions Marks on emulsion surfaces, which ap- 
pear as pencil marks or scratches. Usually caused 
by pressure or rubbing. 

Accelerator ‘The alkali added to a developing so- 
lution to increase the activity of a developing 
agent and swell the gelatin, thus shortening devel- 
oping time. 

Acetate Base The term used to designate a pho- 
tographic film base composed of cellulose acetate. 
Also referred to as safety base because of its non- 
inflammability. 

Acetic Acid (HC,H,O,) The acid widely used 
in short stop-baths to stop the action of the 
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developer before negatives or prints are placed in 
the fixing bath. Often used in fixing baths. 
Achromatic Lens_A lens which is at least partially 
corrected for chromatic aberration. 

Acid Fixing Bath A solution of hypo to which 
has been added an acid (usually acetic acid) for 
the purpose of maintaining the hypo at the proper 
acidity. 

Actinic Light Light which is capable of causing 
photo-chemical changes in a sensitive emulsion. 
Blue and violet are the most actinic of the visible 
light rays. 

Additive Process Pertains to color photography; 
it is the production of color by the superposition 
of the separate primary colored lights on the same 


screen. Yellow, for example, is a mixture of red and 
green light rays in the proper proportion. 

Adurol A form of hydroquinone, which is used 
as a developing agent. Chemical name is mono- 
bromo-hydroquinone. 

Affinity The chemical attraction of one sub- 
stance for another. Sodium sulfite has an affinity 
for oxygen, thereby reducing oxidation of the de- 
veloping agent in a developer. 

Agitation The procedure used in processing to 
bring fresh solution in contact with the emulsion. 
This may be done by moving the material in the 
solution, as in tank development, or by moving the 
solution itself, as in tray development. Agitation 
may be either constant or intermittent. Agitation 
is necessary to assure uniform development results. 
Air Bells Small bubbles of air which attach to 
the surface of an emulsion and leave a small area 
unaffected by the solution. Can be removed by 
vigorous agitation. 

Alkali A substance with basic properties which 
can neutralize acid. An example of an alkali which 
is commonly used ‘in developing solutions is sodium 
carbonate. Alkalies are often referred to as “‘accel- 
erators or activators.” 

Anastigmat A lens which has been corrected for 
astigmatism and, therefore, focuses vertical and 
horizontal lines with equal brightness and defini- 
tion. Anastigmat lenses are also free from other 
common aberrations. 

Angle of View The angle subtended at the cen- 
ter of the lens by the ends of the diagonal of the 
film or plate. 

Angstrom Unit (AU) A unit of length equal to 
one ten-thousandth of a-micron. Commonly used 
as a method of expressing length of light rays. 
Anhydrous Refers to chemical salts which con- 
tain no water of crystallization. Identical in mean- 
ing with “desiccated.” 

Aniline (Anilin) A coal tar derivative used as 
a basis for many dyes. It can also be produced by 
the reduction of nitrobenzene. 

Ansco Color An integral tripack natural-color 
film which can be activity processed. 

Anti-Halation Backing A coating, usually gela- 
tin, on the back of a film, containing a dye or pig- 
ment for the purpose of absorbing light rays, thus 
preventing the reflection from the back surface of 
the film base. 

Aperture A small opening usually circular. In 
cameras, the aperture is usually variable, in the 
form of an iris diaphragm, and regulates the in- 
tensity of light which passes through a lens. 
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Apochromatic Refers to lenses which are most 
completely corrected for chromatic aberration. 
These lenses focus rays of all colors to very nearly 
the same plane. 

Astigmatism A lens aberration in which both the 
horizontal and vertical lines in the edge of the field 
cannot be accurately focused at the same time. 
Axis of Lens An imaginary line passing through 
the center of a lens and containing the centers of 
curvature of the lens surfaces. 

Back, Revolving A camera back which can be re- 
volved so that either a vertical or horizontal pic- 
ture may be obtained. Usually found in the heavi- 
er types of cameras, such as press or view cameras. 
Back, Swinging A camera back which can be 
swung through a small arc so that the divergence 
or convergence of parallel lines in the subject can 
be minimized or eliminated. 

Bag, Changing AA light-proof bag equipped with 
openings for the hands, in which films can be load- 
ed or unloaded in daylight. 

Barrel Distortion A term applied to the barrel 
shaped image of a square object, obtained when 
the diaphragm is placed in front of a simple con- 
vex lens. 

Baryta_ A treated emulsion of barium sulfate. It 
is commonly used, in the manufacture of photo- 
graphic paper, to coat the paper stock before the 
light sensitive emulsion is coated. It provides a 
white surface and keeps the light-sensitive emul- 
sion from being partially absorbed by the paper 
base. 

Blisters Small bubbles forming under an emul- 
sion due to the detachment of the emulsion from 
its base. Blisters are caused by some fault in proc- 
essing. 

Blow-Up Photographic slang for enlargement. 
Brightness Range Variation of light intensities 
from maximum to minimum. Generally refers to a 
subject to be photographed. For example, a partic- 
ular subject may have a range of one to four, 
that is, four times the amount of light is reflected 
from the brightest highlight as from the least bright 
portion of the subject. 

Brilliance A term denoting the degree of intensity 
of a color or colors. 

Bromide Paper A photographic printing paper in 
which the emulsion is made sensitive largely 
through silver bromide. Bromide papers are rela- 
tively fast and usually printed by projection. 

Bulb A camera exposure setting which allows the 
shutter to remain open as long as the shutter re- 
lease mechanism is depressed. 
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Cable Release A flexible shaft for operating the 
camera shutter. 

Camera Obscura’ A darkened room in which an 
image is formed on one wall by light entering a 
small hole in the opposite wall. 

Camera, Pinhole A camera which has a pinhole 
aperture in place of a lens. | 
Carbonates A term applied to certain alkaline 
salts, such as potassium carbonate and sodium car- 
bonate, used as an accelerator in a developer. 
Catch Lights The small reflections of a light 
source, found in the eyes of a portrait subject. 
Cellulose Acetate See acetate base. 

Cellulose Nitrate See nitrate base. 

Characteristic Curve A curve plotted to show the 
relation of density to exposure. Sometimes re- 
ferred to as the H and D curve. 

Chloride Paper A photographic printing paper in 
which the emulsion is made sensitive largely 
through silver chloride. Usually chloride papers are 
printed by contact and require comparatively long- 
er exposure than bromide or chloro-bromide paper. 
Chloro-Bromide Paper A photographic printing 
paper used basically for enlarging. Its emulsion 
contains a mixture of silver chloride and silver 
bromide. 

Chromatic Aberration A defect in a lens which 
prevents it from focusing different colored light 
rays in the same plane. 

Circle of Confusion An optical term describing 
the size of an image point formed by a lens. 
Clumping Relates to the effective increase in 
grain size in the emulsion due to the partial over- 
lapping of grains of silver. 

Color The sensation produced in the eye by a 
particular wave length or group of wave lengths 
of visible light. 


Color Sensitivity The response of a photographic | 


emulsion to light of various wave lengths. 

Coma _ A lens aberration in which a coma or pear- 
shaped ‘image is formed by oblique rays from an 
object point removed from the principal axis of the 
lens. 

Complementary Colors A color is complemen- 
tary to another when a combination of the two 
produce white light. 

Composition The balancing of shapes and tones 
to produce a pleasing effect. 

Condenser An optical system in projection print- 
ers used to collect the divergent rays of a light 
source and concentrate them upon the objective 
lens. 

Contact Print A print made by placing a sensi- 
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tized emulsion in direct contact with a negative an 
passing light through the negative. 

Contrast Subject contrast is the difference be- 
tween the reflective abilities of various areas of a 
subject. Lighting contrast is the difference in in- 
tensities of light falling on various parts of a sub- 
ject. Inherent emulsion contrast is the possible dif- 
ference between the maximum and minimum dens- 
ities of the silver deposits with a minimum varia- 
tion of exposure. It is determined by the manufac- 
turer. Development contrast is the gamma to 
which an emulsion is developed. It is controlled 
only by the developer, time, temperature, and agi- 
tation. 

Convertible Lens A lens containing two or more 
elements which can be used individually or in com- 
bination to give a variety of focal lengths. 
Covering Power The capacity of a lens to give a 
sharply defined image to the edges of the sensi- 
tized material it is designed to cover at the largest 
possible aperture. 

Crop To trim or cut away the unnecessary por- 
tions of a print to improve composition. 

Curtain Aperture The slit in a focal plane shut- 
ter which permits the light to reach the film. The 
slit size may be either fixed or variable. 
Curvature of Field The saucer-shaped image of 
a flat object formed by an uncorrected lens. 

Cut Film A flexible transparent base, coated with 
a sensitized emulsion and cut in sheets of various 
sizes. Often referred to as sheet film. 

Cyan A blue-green (minus red) color. 
Darkroom A room for photographic operations, 
mainly processing, which can be made free from 
white light and is usually equipped with safelights 
emitting non-actinic light. 

Definition See resolving power. 

Delayed Action Another term for a self-timer — 
a device on the shutter of the camera which per- 
mits the shutter to trip about ten seconds after it 
is released. . 

Deliquescent The property of a chemical salt of 
absorbing moisture directly from the atmosphere. 
Densitometer A device for measuring the density 
of a silver deposit in a photographic image. It 1s 
usually limited to measuring even densities in small 
areas. 

Density A term used in expressing the light-stop- 
ping power of a blackened silver deposit in rela- 
tion to the light incident upon it. 

Depth of Field The distance measured between 
the nearest and farthest planes in the subject area 
which give satisfactory definition. 





Depth of Focus The distance which a camera 
back can be racked back and forth while preserv- 
ing satisfactory image detail in the focal plane for 
a given object point. 

Desensitizer An agent, usually a chemical solu- 
tion, for decreasing the color sensitivity of a pho- 
tographic emulsion to facilitate developing under a 
comparatively bright light. The emulsion is desen- 
sitized after exposure. 

Desiccated A term applied to chemicals in which 
all moisture has been eliminated. 

Developer A solution used to make visible the la- 
tent image in an exposed emulsion. 

Developing Agent A chemical compound possess- 
ing the ability to change exposed silver halide to 
black metallic silver, while leaving the unexposed 
halide unaffected. 

Developing-Out Paper A printing paper in which 
the image is made visible by developing in a chem- 
ical solution. 

Diaphragm A device for controlling the amount 
of light which passes through a lens. It is usually 
an iris diaphragm but may be in the form of slotted 
discs of fixed sizes. 

Dichroic Fog A two-color stain observed in film 
or plates. Appears green by reflected light and pink 
by transmitted light. 

Diffraction An optical term used to denote the 
spreading of a light ray after it passes the edge of 
an obstacle. 
Diffusion The scattering of light rays from a 
rough surface, or the transmission of light through 
a translucent medium. 

Din A European system of measuring film speed; 
little used in this country. 

Dispersion The separation of light into its com- 
ponent colors created by passing white light 
through a prism. : 

Distortion Defects caused by uncorrected lenses, 
resulting in images that are not the proper shape. 
Dodging The process of holding back light from 
certain areas of sensitized material to avoid over- 
exposure of these areas. 

Double Exposure The intentional or unintention- 
al recording of two separate images on a single 
piece of sensitized material. 

Double Extension A term used to describe the 
position of a camera bellows. A double extension 
bellows has an extended length of about twice the 
focal length of the lens being used. 

Dry Mounting A method of cementing a print 
to a mount by means of a thin tissue of thermo- 
plastic material. The tissue is placed between the 
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print and the mount and sufficient heat applied to 
melt the tissue. 

Dyes, Sensitizing Dyes used to extend the color 
sensitivity of an emulsion. Applied during the man- 
ufacture of emulsions to obtain selective sensitivity 
to colored light. 

Easel A device to hold sensitized paper in a flat 
plane on an enlarger. Generally includes an adjust- 
able mask to accommodate different sizes of paper. 
Efflorescence The process by which a chemical 
salt loses its water of crystallization upon exposure 
to air. 

Embossing The process by which the central por- 
tion of a print is depressed, leaving a raised margin. 
Emulsion The light sensitive layer, consisting of 
silver salts suspended in gelatin, which is spread 
over a permanent support such as film, glass, or 
paper. 

Emulsion Speed The factor which determines the 
exposure necessary to produce a satisfactory image. 
This is commonly expressed in Weston, General 
Electric, or ASA emulsion numbers which have 
been assigned to the film. 

Enlargement A print made from a negative or 
positive by projecting an enlarged image on sensi- 
tized material. 

Exposure The term is defined as the product of 
time and intensity of illumination acting upon the 
photographic material. 

Exposure Meter An instrument for measuring 
light intensity and determining correct exposure. 
fNumber A system of denoting lens apertures. 
Fading This refers to the gradual elimination, us- 
ually of the print image, due to the action of light 
or other oxidation. 

Farmer’s Reducer A formula, composed of potas- 
sium ferricyanide and hypo, used to reduce either 
negative or print densities. 

Ferrotype Plates (Tins) Sheets of thin enameled 
or chromium plated metal used in obtaining high 
gloss on prints. Some plates are made of polished 
stainless steel. 

Film A sheet or strip of celluloid, coated with a 
light-sensitive emulsion for exposure in a camera. 
The celluloid support has either a nitrate or ace- 
tate base. 

Filter, Light or Color A piece of colored glass or 
gelatin, which is usually placed in front of the cam- 
era lens to compensate for the difference in color 
sensitivity between the film and the eye. Also used 
to modify or exaggerate contrast and to provide 
primary color separation in color photography. 
Filter Factor The number by which the correct 
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exposure without the filter must be multiplied to 
obtain the same effective exposure with the filter. 
Fixation The process of making soluble the un- 
developed silver salts in a sensitized material by 
immersion in a hypo solution. 

Fixed Focus A term applied to a camera in which 
the lens is set permanently in such a position as 
to give good average focus for both nearby and 
distant objects. 

Flat The expression denoting lack of contrast in 
a print or negative. 

Flatness of Field The quality of a lens which pro- 
duces sharpness of image both at the edges and 
at the center of the negative. 

Focal Length The distance between the center of 
the lens and the point at which the image of a 
distant object comes into critical focus. 

Focal Plane The plane at which the image is 
brought to a critical focus. In other words, the 
position in the camera occupied by the film emul- 
sion. 

Focal] Plane Shutter A shutter which operates im- 
mediately in front of the focal plane. A shutter of 
this type usually contains a fixed or variable-sized 
slit in a curtain of cloth or metal which travels 
across the film to make the exposure. 

Focus The plane toward which the rays of light 
converge to form an image after passing through a 
lens. 

Fousing Scale See Vernier Scale. 

Focusing Screen A sheet of ground glass on which 
the image is focused. 

Fog A veil or haze over the negative or print, 
which is due to undesired chemical action or light. 
Foot-Candle The intensity of light falling on a 
surface placed one foot distant from a point light 
source of one candle power. 

Frilling The detachment of the emulsion from 
its support around the edges; happens most often 
in hot weather or because of too much alkali in the 
developer. 

Gamma_ A numerical measure of the contrast to 
which an emulsion is developed. 

Gamma Infinity The maximum _ contrast 
which an emulsion can be developed. 

Gas Bells Bubbles forcing the emulsions from the 
support, caused by strong chemical action and re- 
sulting in minute holes in negative. 

Gelatin A jelly-like by-product produced from 
bones, hoofs, horns, and other parts of animals. 
Gradation The range of densities in an emulsion 
from highlights to shadows. 

Grain Used in speaking of individual silver par- 


to 


168 


ticles or groups of particles in the emulsion which, 
when enlarged, become noticeable and objection- 
able. 

Grain A unit of weight. In the avoirdupois sys- 
tem, 437.5 grains (gr) equal an ounce. 

Gray Scale See sensitometric strip. 

Halation A blurred effect, resembling a halo, us- 
ually occurring around bright objects; caused by 
the reflections of rays of light from the back of the 
negative material. 

Half-tones A term used in speaking of the middle 
tones lying between the shadows and highlights. 
Halides (or Haloids) A chemical term applied to 
binary compounds containing any of the elements, 
chlorine, bromine, iodine, and fluorine. 

Halogen lodine, fluorine, chlorine, and bromine 
are known as halogens. 

Hard A term used to denote excessive contrast. 
Hardener A chemical such as potassium or 
chrome alum which is added to the fixing bath to 
harden the gelatin after development. Preharden- 
ing solutions may be used prior to development. 
H & D (Hurter and Driffield) System A system 
for measuring film speed. Little used in this coun- 
trv. 

Highlights The brightest parts of the subject, 
which are represented by the denser parts of the 
negative and the light gray and white tones of the 
print. 

Hydrometer An instrument used to find the con- 
centration of a single chemical in water. Most com- 
mon use is in mixing large quantities of hypo. 
Hydroquinone A reducing agent which is widely 
used in compounding developers for photographic 
materials. 

Hyperfocal Distance The distance from the lens 
to the nearest plane in sharp focus, when the lens 
is focused at infinity distance. 

Hypo A contraction of sodium hyposulfite (sodi- 
um thiosulfate). Hypo is used in compounding fix- 
ing solutions. These, in turn, are used to make 
soluble the undeveloped silver salts in an emulsion. 
Imbibition Literally the act of absorbing. The 
process of dye transfer in the wash-off relief proc- 
ess of making color prints. 

Incandescent Glowing with heat, such as the 
tungsten filament in an incandescent lamp. 
Infinity A distance so far removed from an ob- 
server that the rays of light reflected to a lens from 
a point at that distance may be regarded as paral- 
lel. A distance setting on a camera focusing scale, 
beyond which all objects are in focus. 

Infrared Invisible rays of light beyond the red 


end of the visible spectrum. 

Intensification The process of building up the 
density ,of a photographic image by chemical 
means. 

Inverse Square Law_ A physical law which states 
that illumination intensity varies inversely with the 
square of the distance from a point source of light. 
Keeper An acid chemical added to two-solution 
developers to prevent oxidation of the developing 
agent. 

Kodachrome A commercial monopack produced 
by Eastman Kodak Company. It is processed by 
reversal to produce colored positive transparencies. 
Latent Image The invisible image formed in an 
emulsion by exposure to light. It can be rendered 
visible by the process of development. 

Latitude Exposure latitude is the quality of a 
film, plate or paper which allows variation in ex- 
posure without detriment to the image quality. 
Development latitude is the allowable variation 
in the recommended developing time without no- 
ticeable difference in contrast or density. 

Lens Shade _ A detachable camera accessory used 
to shield the lens from extraneous light rays. 

Line Screen A finely lined glass screen used in 
photomechanical reproduction to produce a half- 
tone negative. Often referred to as a_ halftone 
screen. 

Lumen A measurement of light equivalent to 
that falling on a foot-square surface which is ore 
foot away from a point light source of one can- 
dle power. 

Magenta _ A reddish-blue (minus green) color. 
Masking A corrective measure used in three-color 
photography to compensate for the spectral ab- 
sorptive deficiencies in pigments, dyes, and emul- 
sions. This compensation improves the accuracy of 
color reproduction. 

Matrix A gelatin relief image used in the wash- 
off relief process of color photography. 

Metol A popular reducing agent, which is sold 
under trade names such as Elon, Pictol, and Rhod- 
al. The chemical name is monomethylparamino- 
pheonol sulfate. 

Monochromatic A single color. 

Monopack Another name for integral tripack. 
Mottling A spotty or granular appearance of 
either negatives or prints. Uneven development 
is one of several causes. 

M.Q. An abbreviation for Metol-Hydroquinone 
developer. 

Negative A photographic image on film, plate, or 
paper in which the dark portions of the subject 
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appear light and the light portions appear dark. 
New Coccine A red, water-soluble dye used for 
dodging negatives. 

Nitrate Base The term used to designate a photo- 
graphic film base composed of cellulose nitrate. 
Highly inflammable. 

Nodal Points The points on the axis of a lens, 
such that a ray entering the first medium, toward 
the first nodal point, emerges from the second me- 
dium in a parallel direction and appears to origi- 
nate at the second point. The focal length of a lens 
is measured from the emergency nodal point to 
the focal plane. 

Non-Halation See anti-halation. 

Objective The term applied to a lens that is used 
to form a real image of an object. 

Opacity The resistance of a material to the trans- 
mission of light. 

Opaque _ Refers to an object which is incapable of 
transmitting visible light. A commercial prepara- 
tion used to block out certain negative areas. 
Optical Axis See axis of lens. 

Orthochromatic Film A film, the color sensitiv- 
ity of which includes blue, green, and some of the 
yellow. Not sensitive to red. 

Orthochromatic Rendition The reproduction of 
color brightness in their relative shades of gray. 
Orthonon § Refers to a film whose color sensitivity 
includes ultra violet and blue. Often referred to as 
“color blind” film. 

Oxidation The process of combining a substance 
with oxygen. 

Panchromatic Film A film that is sensitive to all 
colors of the visible spectrum. 

Parallax The apparent displacement of an object 
seen from different points. Commonly encountered 
in photography in the difference between the image 
seen in the view finder and that actually taken by 
the lens. 

Perspective The illusion of three dimensions cre- 
ated on a flat surface. 

pH The acidity or alkalinity of a solution ex- 
pressed in terms of the hydrogen ion concentra- 
tion. A neutral solution has a pH of 7.0; an acid 
solution below this value; and an alkaline solution 
above it. 
Photomontage 
smaller pictures. 
Photosensitive A term used to describe substances 
whose chemical composition is altered by light. 
Pincushion Distortion <A term applied to the pin- 
cushion shaped image of a square object obtained 
when the diaphragm is placed behind the lens. 


A picture composed of several 
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Pinholes Minute transparent spots in a negative 
which show up as black spots in a print. The most 
frequent cause is dust on the film. 


Polarized Light Light which vibrates in one man- 
ner only — in straight lines, circles, or elipses. 
Light is commonly polarized by passing a light 
beam through a Nicol prism or a polarizing screen. 
Pola Screen A screen which transmits polarized 
light when properly oriented with respect to the vi- 
bration plane of the incident hght. When rotated 
to a 90 degree angle it will not transmit the po- 
larized light. 

Positive Meaning the opposite of a negative. Any 
print or transparency made from a negative is 
termed a positive. 


Preservative A chemical — such as sodium sul- 
phite — which, when added to a developing so- 
lution, tends to prolong its life. 


Primary Color Any one of the three components 
of white light — blue, green, and red. 

Proof Paper Usually a printing-out paper (POP) 
which is exposed in contact with the negative to 
any bright light and does not require a developing 
solution to make a visible image. The image must 
be observed in subdued light or it will become dark 
and eventually disappear. 


Proportional Reducer A chemical reducing solu- 
tion which reduces the silver in the shadows at the 
same rate as that in the highlights. 

Radiant Energy A form of energy of electromag- 
netic character. All light which causes a photo- 
chemical reduction is radiant energy. 

Reciprocity Law A law which states that the 
blackening of photosensitive materials is deter- 
mined by the product of light intensity and time 
of exposure. Thus intensity is the reciprocal of 
time and, if one is halved, then the other must 
be double to obtain the same blackening. 


Redevelopment A step in the intensifying or ton- 
ing procedure when a bleached photographic im- 
age 1s redeveloped to give the desired results. 
Reducer A chemical solution used to decrease the 
all-over density of a negative or print. 

Reducing Agent The ingredient in a developer 
which changes the sub-halide to metallic silver. Us- 
ually requires acceleration. 
Reflection The diversion of light from any sur- 
face. 

Reflector Any device used to increase the efficien- 
cy of a light source. Examples are flashlight re- 
flectors and tinfoil reflectors for outdoor pictures. 
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Refraction The bending of a light ray when pass- 
ing obliquely from one medium to a medium of 
different density. ° 
Resolving Power The ability of a lens to record 
fine detail or of an emulsion to reproduce fine de- 
tail. 

Restitution Projection printing for the purpose of 
reducing the variation in the scale of prints. 
Restrainer Any chemical — such as potassium 
bromide — which, when added to a developing so- 
lution, has the power of slowing down the develop- 
ing action and making it more selective. 
Reticulation The formation of a wrinkled or 
leather-like surface on a processed emulsion due to 
excessive expansion or contraction of the gelatin 
caused by temperature changes or chemical action. 


Retouching A method for improving the quality 
of a negative or print by use of a pencil or brush. 
Reversal A process by which a negative image 1s 
converted to a positive. Briefly, a negative is de- 
veloped, re-exposed, bleached, and redeveloped to 
form a positive. 

Safelight A light, the intensity and color range 
of which are such that it will not affect sensitive 
materials. 

Safety Base See cellulose acetate. 

Scale Scale is the ratio of a linear dimension in 
the photograph to the corresponding dimension in 
the subject. 

Schiener Scale A European system of speed rat- 
ings for films. It is little used in this country. Ab- 
breviation is Sch. 

Secondary Colors Colors formed by the combina- 
tion of two primary colors. Yellow, magenta, and 
cyan are the secondary colors. 

Selective Absorption The capacity of a body for 
absorbing certain colors while transmitting or re- 
flecting the remainder. 

Sensitizer Dyes used in the manufacture of photo- 
graphic emulsions. Sensitizers can be of two types: 
one to increase the speed of an emulsion; the other 
to increase its color sensitivity. 

Sensitometer A device for producing on sensitized 
material a series of exposures increasing at a defi- 
nite ratio. Such a series is needed in studying the 
characteristics of an emulsion. 

Sensitometric Strip A series of densities in defi- 
nite steps. 

Separation Negatives Three negatives, each of 
which records one of the three colors — blue, 
green, and red. 


Sepia Toning A process which converts the black 
silver image to a brownish image. The image can 
vary considerably in hue, depending on the process, 
the tone of the original, and other factors. 
Short-Stop Bath A solution containing an acid 
which neutralizes the developer remaining in the 
negative or print before it is transferred to the fix- 
ing bath. 

Shutter On a camera, a mechanical device which 
controls the length of time light is allowed to strike 
the sensitized material. 

Sludge A _ chemical precipitate or impurities 
which settle to the bottom of the container. 
Sodium Thiosulfate See hypo. 

Soft A term used in describing prints and nega- 
tives which have low contrast. 

Spectrum The colored image formed by the dis- 
persion of white light when it passes through a 
prism. 

Spherical Aberration A lens defect which causes 
rays parallel to the axis and passing near the edge 
of a positive lens to come to a focus nearer the 
lens than the rays passing through the center por- 
tion. 

Spotting The process of removing spots and pin- 
holes from a negative or print. 

Squeegee Either a rubber roller or strip of rubber 
held firmly in place for removing excess moisture 
from a flat surface. Commonly used in ferrotyping 
prints. 

Stock Solution Photographic solution in concen- 
trated form and intended to be diluted for use. 
Stop See diaphragm. 

Subtractive Process A process in color photogra- 
phy, using the colors magenta, cyan, and yellow. 
Contrasted with additive color process. 

Subtractive Reducer A reducer which affects the 
shadows in a negative without noticeably affecting 
the highlights. 4 
Superproportional Reducer A reducing solution 
which lowers the highlight density faster than it af- 
fects the shadow density. 

Synchro-flash A term applied to flash photogra- 
phy in which a flash bulb is ignited at the same 
instant that the shutter is opened, the flash bulb 
being the primary source of illumination. 
Synchro-Sun A term used in flash photography 
where flash light and sun light are used in combi- 
nation. 

Synchronizer A device for synchronizing the shut- 
ter of a camera with a flashlamp so that the shut- 
ter is fully opened at the instant the lamp reaches 
its peak intensity. 
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Time-Gamma-Temperature Curve A curve of 
developing time plotted against developed con- 
trast or gamma. The contrast for any given time 
may be read directly from the curve, or vice versa. 
The curve applies only for one particular devel- 
oper and emulsion. 

Tone In photography this usually applies to the 
color of a photographic image or, incorrectly, to 
any distinguishable shade of gray. 

Toning A method for changing the color or tone 
of an image by chemical action. | 
Translucent A medium which passes light but 
diffuses it so that objects cannot be clearly dis- 
tinguished. 

Transmission The ratio of the light passed 
through an object to the light falling upon it. 
Transparency An image on a transparent base, 
which must be viewed by transmitted light. Also 
refers to the light transmitting power of the silver 
deposit in a negative and is the opposite of opacity. 
Tungsten A metallic element of extremely high 
melting point used in the manufacture of incandes- 
cent electric lamps. In photography, tungsten is 
used to refer to artificial illumination as contrasted 
to daylight. For example, film emulsion speeds are 
given both in tungsten and daylight. 

Ultra-Violet Rays Rays which comprise the in- 
visible portion of the electromagnetic spectrum just 
beyond the visible violet. Ultra-violet wavelengths 
are comparatively short and therefore disperse 
more easily than visible wavelengths. This is a 
factor to be taken into account in high altitude 
photography since these rays are photographical- 
ly actinic. 

Vernier Scale A device used on a camera to indi- 
cate object distance. 

View Finder A viewing instrument attached to 
a camera, used to obtain proper composition. 
Vignette Ordinarily refers to a dodging method 
used in projection printing. A process regulating 
the distribution of the light which reaches the print 
in such a way that the image obtained fades out 
toward the edges. May also be a device in front 
of a camera lens, designed to shade off the margins 
of a picture to improve its pictorial quality. Used 
considerably in portrait work. 

Visible Light The small portion of electromag- 
netic radiation which is visible to the human eye. 
Approximately the wave lengths from 400 to 700 
millimicrons. 

Working Solution A photographic solution which 
is ready to use. 
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formulary 


In laboratory procedures the results obtained are 
dependent upon the use of the correct formula for 
a specific purpose. The procedures recommended 
in this formulary should be followed when normal 
results are desired. : 

The purpose of this formulary is to furnish the 
data necessary for mixing and using the various 
solutions under normal working conditions. The 
necessary conversions must be made when greater 
or less amounts than those stated in the formula 
are required. 


DEVELOPERS FOR FILMS OR PLATES 


1. Pyro Metol. 
Stock Solution A 


Water (about 100° F)... 0... 64 ounces 
DWNCUOM? sexiest tts Seebi crus Diane eecboee, 1 ounce 
Sodium bisulfite _. . -........... 1 ounce 
Pyro (crystals) ................. ......4 ounces 
Potassium bromide ................... .. 240 grains 
Cold water to make |... 1 gallon 
Stock Solution B 
Water (100° F) 2.0.0. 1 gallon 


Sodium sulfite (desiccated ) 
1 pound, 4 ounces 
Stock Solution C 

Water (120 BY. ct recce scan ste eetit sive 2008 1 gallon 

Sodium carbonate (desiccated) ...... 10 ounces 

In mixing any formula, dissolve the chemicals in 
the order given. Do not add the next chemical un- 
til the previous one is dissolved, except when other- 
wise stated. 

Tray Development. 1 part each of A, B, and C 
to 8 parts of water. Develop 7 min. at 68° F. 

Tank Development: 1 part each of A, B, and 
C to 13 parts of water. Develop 10 min. at 68° F. 

For tray development discard after use. In tanks 
provided with floating covers this developer can be 
used for about one week if the volume is main- 
tained by adding fresh stock solution in the pro- 
portion of 1 part each of A, B, and C to 4 parts 
water. Development time should be increased as 
the developer ages. 


2. For Very High Contrast. 


Water (90° F) 0000000... . . . 96 ounces 
Sodium sulfite (desiccated) . ... 12 ounces 
Hydroquinone 222. 6 ounces 


Sodium hydroxide (caustic soda) ....5 ounces 
Potassium bromide ......... .  _.. 4 ounces 
Cold water to make 1 gallon 
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Dissolve chemicals as directed. Stir stock solution 
thoroughly before use. For use take 2 parts stock 
solution to 1 part water. Develop in tray 2 min. at 
68° F. 


3. For Medium to High Contrast. 


Water (100° F) ooo. en. 64 ounces 
Metol ..... ia eee cae sae se tte Ball ds 60 grains 
Sodium sulfite (desiccated) ..... _10 ounces 
Hydroquinone ................... 1 ounce, 80 grains 


Sodium carbonate (desiccated) 
3 ounces, 140 grains 
292 grains 


Potassium bromide ........ ............... 
Cold water to make 


Dissolve chemicals as previously directed. For 
process-line negatives, use without dilution. For 
copies of continuous-tone subjects, dilute one part 
stock solution to one part water. Develop 5 minutes 
in tank or 4 minutes in tray at 68° F. 


4. Tropical Development 75° to 90° F. 


Water -(VOO™ FP) ers en Socce: 96 ounces 
MOCtOl S353) ote cette teeta eee 328 grains 
Sodium sulfite (desiccated) ............. 6 ounces 
Cold water to make _..........000-20.......... 1 gallon 


If crystalline sodium sulfite instead of desiccated 
is used, the amount should be 14 ounces to the 
gallon in the above formula. Dissolve chemicals as 
previously directed. Develop in tank 10 minutes 
at 68° F or 2 to 3 minutes in fresh developer at 
90° F, according to contrast desired. When devel- 
oping at a temperature below 75° F, the sodium 
sulfite may be omitted if more rapid development 
is desired. The development time without the sul- 
fite is 6 minutes at 68° F. For tray development 
the time is about 20 percent less. 


When development is completed give the film 
only a brief rinse in water (2 seconds) and im- 
merse in hardening bath (Formula No. 16) for 3 
minutes. Omit the water rinse if film indicates 
softening. 


Fix at least 1Q minutes in an acid hardening fix- 
ing bath (Formula No. 19 or No. 20) and wash 10 
to 15 minutes in water. The temperature of the 
water should not exceed 95° F. Note: Developers 
using Kodalk will not produce gas bells or blisters 
because it does not create a gas in the presence of 
acid. If a less contrast-producing developer is de- 
sired, reduce the amount of Kodalk in the above 
formula to 295 grains per gallon. 


5. Rapid Armed Forces Developer Nr 1 


Water (129 Pepe 64 ounces 

(ol Cc) ene a ee ee 1/4 oz 6 grains 

Sodium sulfite 2 2000.00... eee 12 ounces 
(desiccated ) 

Hydroquinone .......... ....... 1 oz 30 grains 

Sodium carbonate ...............0...........- 7 ounces 
(monohydrated ) 

Boric acid ...........0.0... 1/4 oz 6 grains 

Potassium bromide ....... 5/8 oz 17 grains 

Cold water to make ....... 1 gallon 


Dissolve chemicals as directed. The develop- 
ment time is 6 minutes in a tank or 5 minutes 
in a tray at 68°F. 


5a. Replenisher for Formula No. 5 (D-19 R.) 
Watér C1007 “F), cctcccateetetsn aie 64 ounces 
IVNCUON, occa cts teecssetepesece tevedenlelsaahaceesls 256 grains 


Sodium sulfite (desiccated ) 
121% ounces, 140 grains 
Hydroquinone 2 ounces, 160 grains 
Sodium carbonate (desiccated ) 
7 ounces, 200 grains 
Sodium Hydroxide 1 ounce 
Cold water to make 1 gallon 
Dissolve chemicals as directed. Use without dilu- 
tion. Add to the developer in the proportion of 1 
ounce for each 100 square inches of film processed. 
The maximum amount of replenisher added should 
not exceed the volume of the original developer. 


6. Very Rapid Developer (Cut Films Only in 
Tray). 
Water (60° to 70° F) 


a ie 


ee eT ae wore 9O ounces 


IVE CUOD. ances sitet acetal th beaters 134 ounces, 30 grains 
Sodium sulfite (desiccated) ....... 101% ounces 
Hydroquinone ............ 31 ounces, 60 grains 


Sodium hydroxide ...... 31% ounces, 60 grains 

Add only enough water to obtain solution of the 
chemicals. This should make about 115 ounces of 
developer solution. In this formula the sulfite will 
not dissolve until the sodium hydroxide is added. 
As considerable heat is produced, stand the mixing 
container in cold water. Use without dilution. 

Development time is 10 seconds at 80° F. Rinse 
for the same time and temperature as the develop- 
ment. For less contrast, develop 8 seconds. Immerse 
negative and agitate in fresh acid hardening fixing 
bath at 80° F until it clears. Rinse 10 seconds and 
print wet. 


7. Fme Grain Developer (DK-20). 
Water (100° F) 


ust adc pades Se kD Lae Sates aes 96 ounces 
Metol ......._.... 


290 grains 
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Sodium sulfite (desiccated) ........ 1314 ounces 


Woda, feats ee teeta eee 116 grains 

Sodium sulfocyanade .......... 20.0... .... 58 grains 
(thiocyanade ) 

Potassium bromide ................. . 29 grains 

Cold water to make ........000.00. 1 gallon 


Dissolve chemicals as directed. 
Tank-development time is 15 minutes at 68° 
Tray-development time is 11 minutes at 68° 
See recommendations for emulsion used. 


8. Low Contrast Developer (D-23). 
Water (100° F) 
Metol 
Sodium sulfite (desiccated ) 

13 ounces, 140 grains 

1 gallon 


ee oe ee ee ee ed 


Cold water to make 

Dissolve chemicals as directed. 

Average development time is 19 minutes in tank 
or 15 minutes in tray at 68° F. See emulsion 
recommendations. 


9. Fine Grain Low Contrast Developer. For roll 
films, sheet films, and plates (D-25). 
Water (100° F) oo... .....96 ounces 
Metol 1 ounce 
Sodium sulfite (desiccated ) 
13 ounces, 140 grains 


ee ee ee ee ee a ee 


i ee ee a a ad 


Sodium bisulfite 
Cold water to make 
Dissolve chemicals as directed. 

Average development time at 68° F is 18 min- 
utes in tank or 15 minutes in tray. This developer 
is non-staining and non-toxic and compares favor- 
ably with the fine-grain paraphenylenediamine 
types of developers. 


ee 


10. Armed Forces Developer Nr 2 for Sheet 


Film Normal Contrast 

Developer 

Water (129-8 )c teense: 96 ounces 
IECEOD ie, Hegel 1/4 0z 36 grains 
Sodium sulfite... =. —... ._~—.. . 4 ounces 
Hydroquinone ........ 1/4 0z_— 36 grains 
Sodium metaborate ....... 1-1/4 oz 36 grains 
Potassium bromide .....................0.... 30 grains 
Cold water to make 0.0.00. 0. |. 1 gallon 


Dissolve chemicals as directed. For tank de- 
velopment of portrait negatives, dilute with an 
equal volume of water and develop 7 to 8 minutes 
at 68°F. For tray development, use without 
dilution and develop 3-1/2 to 4 minutes at 68°F. 
For engineering negatives, use without dilution 
and develop about 2 minutes in tank or 6 minutes 
in tray at 68°F. 
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10a. Replenisher for Formula No. 10 (DK-50R). 


Water (1000 UP) cs cik tie 64 ounces 
INMCtON opto ered teas! Poeerae 300 grains 
Sodium sulfite (desiccated) —........... 4 ounces 
Hydroquinone ............ _1 ounce, 140 grains 
Kod aK + in ueucsinouet ona 5 ounces, 140 grains 
Potassium bromide ............. ......... 29 grains 
Cold water to make .._............ 1 gallon 


Dissolve chemicals as directed. 

Add to the developer to maintain activity con- 
stant. If the developer is diluted 1 to 1 the replen- 
isher is diluted in the same proportion. 


11. Armed Forces Developer Nr 3 Low 
Contrast for Negatives 


Water (125°F). ooo. 96 ounces 

MCtol estes 1/4 oz 6 grains 

Sodium sulphite ..... 13-1/4 ounces 
(anhydrous ) 

Hydroquinone 5/8 0z 17 grains 

Borax 2.0.0.2... 1/4 oz 6 grains 

Cold water to make .............0...00.00.0.... 1 gallon 


Dissolve chemicals as directed. Use without di- 
lution. 

Approximate development time is 17 minutes 
at 68°F. See recommendations for material used. 


Ila. Replenisher for Formula No. 11. (D-76R) 
Water (100° F) .o0.. i... 96 ounces 
IVA CRON censticg feces p atnaaeadetnect id .....176 grains 


Sodium sulfite (desiccated ) 
13 ounces, 140 grains 


Hydroquinone |...0.......0 1 ounce 
Borax (granular) ......... 2 ounces, 280 grains 
Cold water to make ............... ...... 1 gallon 


Dissolve chemicals as directed. 

Add replenisher without dilution to maintain 
activity of the developer solution. As with most 
replenishers, the amount added is usually 34 ounce 
for each 20 square inches processed. 


12. Developer, High Contrast Process Films. 
(D-85). 


Water (90° F) 200... eed 64 ounces 
Sodium sulfite (desiccated) . ... 4 ounces 
Paraformaldehyde ....................0......... 1 ounce 
Sodium bisulfite 2.000000. 2. 128 grains 
*Boric acid (crystals) ......0000000. 1 ounce 
Hydroquinone ............ 0000.0 00. 3 ounces 
Potassium bromide ..... ......0..... 0.0... 90 grains 
Water to make ...0 1 gallon 


*The crystal borax should be used because pow- 
dered borax is too difficult to dissolve. 

Mixing Directions: Use a one-gallon bottle half 
filled with water. Add each chemical after the pre- 


- 16.. Hardening Bath. 
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vious one is dissolved. While mixing keep air out 
of the bottle as much as possible and agitate the 
solution thoroughly. When all chemicals have been 
dissolved, add cold water to make 1 gallon. Air 
must be kept from this stock solution as much as 
possible. Allow the developer to stand about 2 
hours after mixing and before use. 

Development time is 114 to 2 minutes at 68° F. 
This developer cuts off development sharply in the 
low densities, thus insuring clear dot formation in 
halftone negatives. 


13. Armed Forces Developer Nr 25 for paper 


Water (125°F) _— _ 96 ounces 
Metol ....... 3/8 0z 11 grains 
Sodium sulphite ....... ...... 6 ounces 
Hydroquinone .. . 1-1/2 ounces 44 grains 
Sodium carbonate ..........0 22.2.0... 10-1/2 ounces 
(monohydrated ) 
Potassium bromide ... 1/4 oz 6 grains 
Cold water to make |... _1 gallon 


Dissolve chemicals as directed. For dilution and 
time of development, see recommendations for 
materials used. 


STOP AND HARDENING BATHS 


14. Stop Bath — For Papers. 
*Acetic acid, 28% .0....... _Y ounce 
Water __..... 32 ounces 
¥28% Acetic acid is made by diluting 3 parts 
glacial acetic acid with 8 parts water. After de- 
velopment rinse prints at least 5 seconds in water. 
Prints should remain in stop bath 20 to 30 seconds. 
Capacity: about 20 prints (8 x 10) per quart. 


15. Hardening Bath for Films or Plate. 

For use at temperatures 65° to 75° F. 

Potassium chrome alum | 1 ounce 

Water ....... — 32 ounces 

This bath is used i in 1 conjunction with fixing bath 
Formula No, 22. 

Give films a brief water rinse after development, 
then immerse in hardening bath and agitate for 
about 20 seconds. Films should remain in the bath 
3 to 5 minutes to obtain maximum hardening. 
This bath should be frequently renewed because 
chrome alum loses its hardening properties. Re- 
new at least daily. 


a a ae? 


(For use with films and 
plates at temperatures from 75° to 90° F in con- 
junction with developer formula No. 4.) 


WY ALOR co sein ot teat ta lea ........ .32 ounces 
Potassium chrome alum ..... ...._ 1 ounce 
*Sodium sulfate (desiccated ) 2 ounces 


*If crystal sodium sulfate is used instead of des- 
iccated, use 414 ounces in the above formula. To 
prevent streaks, agitate the films for the first min- 
ute in the hardening bath. Films should remain in 
the bath at least 3 minutes before fixation. If the 
developer temperature is below 85° F, rinse in wa- 
ter for 2 seconds before immersing in the hardener 
bath. 

When fresh this bath is a violet-blue color by 
tungsten light. When it turns to a yellow-green it 
ceases to harden and should be replaced with a 
fresh bath. Unused, the bath will keep indefinitely, 
but the hardening capacity of a partly used bath 
decreases rapidly. 

17. Hardening Bath. For use prior to an after- 
treatment of negatives. 


Water. ws =~. 16 Ounces 
Formaldehyde (37% solution 

by weight ) ...... 2Y_ drams (or 10 cc) 
Sodium carbonate (desiccated) .. 88 grains 
Water to make... 0... _ 32 ounces 


This formula is recommended for the treatment 
of negatives which are to receive a chemical treat- 
ment such as removal of stains, water marks in 
drying, reduction or intensification. Harden the 
films for 3 minutes in a fresh acid hardening fixing 
bath. Wash thoroughly before applying any further 
chemical treatment. 

18. Prehardener — For films prior to high tem- 
perature processing (80° to 110° F). 


Solution A 
Formaldehyde (37% solution 
by weight) | 2.200000... 5 drams (or 20 cc) 
Solution B 
WY ALO teeth hee Sees 112 ounces 


*0.5% 6-Nitrobenzimidazole nitrate 

Sodium sulfite (desiccated ) 

6 ounces, 280 grains 

Sodium carbonate (desiccated ) 

1 ounce, 260 grains 

Water to make...) .......... 1 gallon 

*To prepare a 0.5% solution of 6-NN, dissolve 
18 grains in 8 ounces of distilled water (1 gram in 
200 cc water). Prepare the working solution just 
before use by adding 114 drams of solution A to 
each 32 ounces of Solution B and mixing thor- 
oughly. 

For use, immerse film in the prehardener for 10 
minutes with moderate agitation. Then drain the 
film briefly and rinse in water for 30 seconds. Drain 
thoroughly and immerse in the developer. Up to 
90° F, Type B developer (D-19) or Type D devel- 
oper (D-/6) may be used without modification. 
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Development time will depend on results desired. 
Approximate development times are listed below. 
The percentages are based on the normal develop- 
ing time recommended at 68° F without prehard- 
ening. 

At 75° F — 100% of normal time. 

At 80° F — 85% of normal time. 

At 85° F — 70% of normal time. 

At 90° F — 60% of normal time. 

At 95° F — 50% of normal time. 

To control fog at temperatures above 95° F, in- 
crease the amount of 6-nitrobenzimidazole nitrate 
up to double the amount given in the formula. Use 
low activity developer such as Type D, D-76. Aver- 
age developing time at 110° F after prehardening 
is about '4 of the normal time at 68° F. 

Refer to Technical Order No. 10-5-7 for 
use of prehardening powders. 

The useful life of the above prehardener is about 
forty 8 x 10-inch films per gallon. 


FIXING BATHS 

19. Acid Hardening Fixing Bath. 
Water (125° F) 200... 96 ounces 
Sodium thiosulfate (hypo) . 2 pounds 
Cold water to make... ._... .1_ gallon 


If mixed by hydrometer the reading should be 
68 at 65° F. : 

Dissolve the hypo completely. When cool add 
the following hardener stock solution slowly while 
stirring the hypo solution rapidly. The correct pro- 
portion is 1 part of hardener to 6 parts of hypo 
solution. 


Water (1290 FB) ns sascune 4h 56 ounces 
Sodium sulfite (desiccated) 00... 8 ounces 
Acetic acid, 28% ...... oatese lone 24 fluid ounces 
Potassium alum . oo. 8 ounces 
Cold water to make ... 0000000... .. 1 gallon 


Mix these chemicals in the order given. The sul- 
fite must be dissolved completely before adding the 
acetic acid and both mixed thoroughly before add- 
ing the alum. 


20. Boric Acid Hardening Fixing Bath for Films, 
Plates, and Papers. 
Water (125° F) 2. 0... _.. . 96 ounces 
Sodium thiosulfate (hypo) ......... 2'/% pounds 


Cold water to make .................0...0.. 1 gallon 
Prepare the following hardener stock solution: 
Water: (125° FY) concn, Does .80 ounces 
Sodium sulfite (desiccated) ...... 10 ounces 
Acetic acid, 2896 ...0.000.0 30 fluid ounces 
Boric acid (crystals)... |. 5 ounces 
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Potassium alum .....................00.....0+. 10 ounces 
Cold water to make .......................... 1 gallon 
Dissolve chemicals in the order given. 

When the hypo is completely dissolved and both 
solutions are cool, add one part of the boric acid 
hardener to 4 parts of the hypo solution. Add 
slowly while stirring the hypo rapidly. A boric acid 
fixing bath gives much better hardening and has 
less tendency to precipitate a sludge of aluminum 
sulfite than an ordinary acid fixing bath. 


21. Rapid Fixing Bath for Negatives. 
Water (125° F) 80 ounces 
Sodium thiosulfate (hypo) ......... 3 pounds 
Ammonium chloride 634 ounces 


Sodium sulfite (desiccated) ......... 2 ounces 
Acetic acid 28% . ..... ......6 fluid ounces 
Boric acid (crystals) ............ .... 1 ounce 
Potassium alum | ......................2 ounces 
Cold water to make _.........0 0000... 1 gallon 


Dissolve chemicals in the order given. 

Agitate the films in the bath and fix for twice 
the time the emulsion takes to clear. Fixing time 
should not be prolonged. This bath is not recom- 
mended for use with any paper emulsions. If cor- 
rosion occurs when using stainless steel containers, 
substitute 8 ounces of ammonium sulfate for the 
634 ounces of ammonium chloride in the above 
formula. 


22. Chrome Alum Fixing Bath for Films. 
Solution A 
Sodium thiosulfate (hypo) 
Sodium sulfite (desiccated ) 
Water 125° F or 52° C to make.... 96 ounces 
Solution B 
ee eee iste esee 2 OUNCES 
Potassium chrome alum .................. 
Sulfuric acid 14 fluid ounce 
Pour Solution B into Solution A slowly while 
stirring rapidly. This bath is recommended for 
hot weather processing in conjunction with chrome 
alum hardening bath (Formula No. 15). This bath 
loses its hardening properties rapidly with or with- 
out use and should be frequently replaced. If a 
scum forms on the emulsion it should be removed 
by swabbing before the film is dried. 


23. Hypo Test Solution. (For testing thorough- 


ness of washing. ) 
Stock Solution 


Distilled water ....000000000000.0 6 ounces 
Potassium permanganate... 4 grains 
Sodium hydroxide ..........0...00.... set Sen 8 grains 
Distilled water to make ...... . .. 8 ounces 
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The testing solution is prepared by taking 8 
ounces of pure water in a clear glass and adding 
14 dram (about 15 drops) of the above stock solu- 
tion. The solution should then be violet in color. 

Remove several of the films or prints to be test- 
ed from the wash water. Allow the water to drain 
from them into the testing solution for at least 30 
seconds. 

If hypo is present the violet color of the solution 
will change to orange in about 10 to 30 seconds. 
If much hypo is present the orange color will 
change to yellow and finally bleach completely. 

The material should be further washed until 
subsequent tests leave the violet color of the test- 
ing solution unchanged after it is allowed to stand 
about 2 minutes. The above test will not be satis- 
factory if oxidizable organic matter is present in 
the wash water. 


24. Hypo Eliminator. 
WN ALOE se ihceis sebiteds ecto one ole Naas ees 64 ounces 
Hydrogen peroxide (3% solution) 15 ounces 
Ammonia (3% solution) .............. 13 ounces 
Water to make |... ............"..... 1 gallon 


Hypo may be eliminated and washing time saved 
by using the above formula. 

Prepare the solution immediately before use. Do 
not keep the mixed solution in a closed container. 
Wash prints about 20 minutes at 65° to 70° F, 
then immerse them for 6 minutes in the hypo elim- 
inator solution at 68° F. Keep the prints well sep- 
arated. Wash for 10 minutes before drying; in- 
crease the washing time at lower temperatures. 
The useful life of the solution is about fifty 8 x 10 
prints or equivalent per gallon. 

To test for hypo, process a sheet of unexposed 
paper along with the prints. After the final wash 
cut off a strip of this sheet and immerse it in a 
1 per cent solution of silver nitrate for 3 minutes. 
Rinse in water and compare, while wet, with the 
untreated wet portion. If the strip shows a yellow- 
brown tint, the presence of hypo is indicated. If 
hydrogen sulfide or wood extracts are present in 
the wash water the test will show positive and 
is not satisfactory. 

Prints treated in this hypo eliminator may stick 
to the belt of the dryer. If this occurs, immerse 
prints for 3 minutes in a 1 percent formaldehyde 
solution. If the prints show a slight change in im- 
age tone, add 195 grains of potassium bromide to 
each quart of the eliminator solution. Prints treat- 
ed in the hypo eliminator may show a faint yellow- 
ing in light areas. To correct this immerse prints 
in a | percent solution of sodium sulfite for about 


2 minutes immediately after treatment in the elim- 
inator and prior to the final washing. 


INTENSIFIERS AND REDUCERS 


The following precautions should be taken to 
prevent stains in negatives during intensification 
or reduction processes: 

1. Thoroughly fix and wash the negatives and 
be sure they are free from scum or stain. 

2. Harden in the formalin hardener before 
treatment. See Formula No. 17. 

3. Handle only one negative at a time and 
agitate thoroughly during the treatment. 

4. If negatives are to be intensified or reduced 
it is best to apply treatment immediately after they 
have been fixed and washed. Much time can thus 
be saved and, when dry, the negatives are ready 
for printing. 

25. Mercury Intensifier. 


Potassium bromide |............0 0. 0......... 34, ounce 
Mercuric chloride _.............0.0..000.0...... 34 ounce 
Water to make ........0....00000.00e 32 ounces 


For maximum intensification, bleach negative 
until it is white, then wash thoroughly. The nega- 
tive is then redeveloped or blackened in a 10% 
solution of sodium sulfite, by using a developer 
such as Type A (D-72) diluted 1 to 2, or in a 
10% ammonia solution (1 part 28% ammonia to 
9 parts water). These give progressively greater 
density in the order named. The 10% sulfite solu- 
tion is usually recommended because it is simple 
to control and the intensification may be reduced 
or removed entirely by a brief rinsing in a fixing 
bath. For greater increase in contrast treat with 
the following solution: 


Solution A 
*Potassium cyanide .......................... 14, ounce 
WAGE «bina fel este. See 16 ounces 
Solution B 
Silver-nitrate (crystals) .................... 3/4 ounce 
WALES <tr eeth eeietteetnatiet 16 ounces 


To prepare, add solution B to Solution A until 
a precipitate is just produced. Allow to stand a 
short time and filter. Redevelopment with this for- 
mula cannot be controlled and must go to comple- 
tion. This is known as Monckhoven’s Intensifier. 


*WARNING 


Cyanide is a deadly poison and should 
be handled only with extreme care. Use 
rubber gloves and do not inhale the 
fumes. Use only in well ventilated room 
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or outdoors. Be careful that acid does not 
come into contact with the cyanide. Flush 
down the sink with plenty of water. 


26. Chromium Intensifier. 


VV ALOR sare ce ca setae cece 24 ounces 
Potassium bichromate ........................ 3 ounces 
Hydrochloric acid ...................... 2 fluid ounces 
Water to make _.......000.000..... ee. 32 ounces 


For use take 1 part stock solution to 10 parts 
water. First harden the negative (Formula No. 
17). Bleach negative thoroughly at 65° to 70° F. 
Wash 5 minutes in running water. Then redevelop 
fully in artificial light or daylight (not sunlight) in 
any quick-acting, non-staining developer which 
does not contain an excess of sodium sulfite. Type 
A developer (D-72) diluted 1 to 3 is recommend- 
ed. Develop about 10 minutes at 68° F. 

Greater intensification can be obtained by re- 
peating the process, though little is gained by more 
than one repetition. 

Negatives intensified by the above formula are 
more permanent than those intensified with mer- 
curic chloride. 


27. Silver Intensifier. 
Stock Solution A (Keep in a brown bottle) 
Silver nitrate (crystals) ...................... 2 ounces 
Distilled water to make ................... 32 ounces 
Stock Solution B 
Sodium sulfite (desiccated) ...... ... 2 ounces 
Water to maké 222.4..c.ee ks. 32 ounces 


Stock Solution C 
Sodium thiosulfate (hypo) ............ 32 ounces 


Water to make ................................ 32 ounces 
Stock Solution D 

Sodium sulfite (desiccated) .............. 14 ounce 

1) Kot 0) ae een enn OY ae ere een 350 grains 

Water to make __...............20..202..2.... 96 ounces 


The above formula gives proportional intensifi- 
cation and is easily controlled by varying the time 
of treatment. It will not change the color of posi- 
tive film to be used for projection and is equally 
suitable for positive and negative film. 

To prepare the working intensifier, slowly add 
1 part of Solution B to 1 part of Solution A. Thor- 
oughly mix, then add 1 part of Solution C. Allow 
the solution to stand until clear and add, while 
stirring, 3 parts of Solution D. Use immediately, 
as the mixed solution is stable for about 30 minutes 
only at 68° F. The degree of intensification ob- 
tained depends on the time of treatment. This 
should not exceed 25 minutes. After intensification, 
immerse the film for 2 minutes in a plain 30% 
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hypo solution (2! lbs. per gallon). Then wash 
thoroughly. For best results this intensifier should 
be used in artificial light. 


28. Redevelopment Intensifier. 

A simple method of intensification for nega- 
tives is by bleaching in the ferricyanide-bromide 
formula used for sepia toning, then redeveloping 
with sodium sulfide as in pene toning. See For- 
mula No. 37. 


29. Subtractive or Cutting Reducer. 
(Farmer’s Reducer) 
Stock Solution A 


Potassium ferricyanide 114 ounces 


Water to make ..............00..0..000-.0...-. 16 ounces 
Stock Sslution B 

Sodium thiosulfate (hypo) _.......... 16 ounces 

Water to make ...........0.....0....22.2..22. 64 ounces 


For use: take 1 ounce of Solution A and 4 
ounces of Solution B and mix in water to make 
32 ounces. Immerse the negative in the solution 
and agitate continuously. Watch progress closely 
as reduction gains in speed. Just before the desired 
degree of reduction is obtained immerse the nega- 
tive in water and thoroughly wash before drying. 
For less rapid reduction, use 1% ounce of Solution 
A to the same quantity of Solution B and water. 
Do not mix the above stock solutions until they 
are to be used, as the mixed solution deteriorates 
rapidly. Use in artificial light. Used as a single 
solution this reducer gives only subtractive reduc- 
tion, which corrects overexposure. 


30. Two-Solution Farmer’s Reducer. 
Solution A 
Potassium ferricyanide ...................... 14 ounce 
Water to make .....00000.00e ee 32 ounces 
Solution B 
Sodium thiosulfate (hypo) 634 ounces 
Water to make .......0......000...00..ee: 32 ounces 
More proportional reduction is obtained when 
the Farmer’s Reducer is used in separate solutions. 
Treat negative in Solution A with agitation for 
1 to 4 minutes at 65° F. Treat for 1 to 4 minutes, 
depending on the degree of reduction desired. 
Then immerse in Solution B for five minutes. Wash 
thoroughly. The process may be repeated if more 
reduction is desired. 


31. 


Proportional Reducer — to lower contrast. 
Stock Solution A 

Potassium permanganate ................... 4 grains 

*Sulfuric acid (10% solution ) Vp fluid ounce 

Water 00 mae oii eh et epee a 32 ounces 
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Stock Solution B 
**Potassium persulfate ...................... 3 ounces 
Water to make __.............................. 96 ounces 


*To make 10% sulfuric acid, add 1 part of acid 
to 9 parts water. 

**Ammonium persulfate may be used in the 
same proportion. 

For use take 1 part of Solution A to 3 parts 
of Solution B. Agitate the negative continuously 
in the solution. After reduction clear the negative 
in a 1% solution of sodium bisulfite. Wash thor- 
oughly before drying. 

32. Super-Proportional Reducer. For great re- 
duction of highlight density (Contrast). To reduce 
contrast. 


Stock Solution A 
Potassium persulfate ........000..0000000002.. 1 ounce 
Water 10a Re: ei cece seiceectes teeta 32 ounces 
Stock Solution B 
NV AVEE: Becta tei Se ane _.....8 ounces 
Sulfuric acid (10% Solution) .......... 1 ounce 
Water to make ......................0...2002.--- 16 ounces 


For use take 2 parts of Solution A and 1 part 
of Solution B. Only glass, hard rubber, or un- 
chipped enamelware should be used for the solu- 
tion during mixing and use. Harden the negative 
for 3 minutes (Formula No. 17) before reduction. 
Agitate the negative continuously while in the solu- 
tion. Reduce by inspection as control by time 1s 
not possible. When the desired reduction is almost 
attained rinse briefly in water and then immerse 
the negative in an acid fixing bath for 5 minutes. 
Wash thoroughly before drying. Discard the used 
solution. 


STAIN REMOVERS 
33. Tray Cleaner. 
Potassium bichromate ...................... 3 ounces 
Sulfuric acid ......................0 occ ecee cece ee. 3 ounces 
Water to make .....................0..2.22.0-- 32 ounces 


Dissolve the bichromate and then add the acid 
slowly to the water. Pour a small amount into the 
tray and rinse around so that the cleaner reaches 
all parts of the tray. After cleaning rinse tray in 
6 to 8 changes of water until all trace of the clean- 
ing solution has disappeared. Do not use for clean- 
ing enamel trays, as the solution gradually affects 
the enamel and makes it rough. 

Note: Trays should be cleaned with a little fix- 
ing bath solution immediately after use and not 
allowed to become contaminated in such manner 
that the above cleaner will be necessary. 





34. Hand Stain Removers. 
*Solution A 
Potassium permanganate .................. 14 ounce 
SUMUTIC ACC: tortie isons Ghd, 14 ounce 
Water tO) Make cocticice era ceaiiens 1 gallon 


*Store this solution in a stoppered glass bottle 
away from light. 


Solution B 
WEE ri iet tnt seeeeciace lakes 96 ounces 
Sodium bisulfite .........00000.0000. 4 ounces 
Sodium sulfite (desiccated) ............. 4 ounces 
Water tovinake ccc teenteciee 1 gallon 


Remove rings from the fingers and immerse the 
hands for 1 to 3 minutes in Solution A. Rinse 
briefly in water and immerse for a few minutes in 
Solution B; then wash thoroughly with soap and 
warm water. 


35. Developer Stain Remover. 
Stock Solution A 


Potassium permanganate .................. 75 grains 
Water to make ..........0..00000.0 0 32 ounces 
Stock Solution B 
COld Wateh nit iit eine aiae ae 16 ounces 
Sodium chloride (salt) .................. 21/2 ounces 
SULAUITIC ACIG. czcseis aired er eategbaite AG 14, ounce 
Water to make ........000000.0. ee. 32 ounces 


The above formula is used for removal of de- 
veloper stain from negatives. Harden the negative 
in formalin hardener (Formula No. 17) then wash 
5 minutes. Prepare the following solutions: 

Use equal parts of Solutions A and B. Mix only 
for immediate use. Be sure that all permanganate 
grains are dissolved before using the solution. 
Bleach negative for 3 to 4 minutes at 68° F. Re- 
move the brown stain by immersing the negative 
in a 1% solution of sodium bisulfite. Rinse nega- 
tive and redevelop in strong light, using Type A 
developer, D-72, diluted 1 to 2. Then wash thor- 
oughly. Do not use a slow working developer, such 
as Type D, D-76, since this type of developer tends 
to dissolve the bleached image before the develop- 
ing agents have time to act. 

Removal of Water Marks from Negatives. 

Negatives may show irregular marks caused by 
water drops remaining on the emulsion after the 
surrounding areas are dry. These spots may be 
eliminated by treating the film in a 10% solution of 
sodium carbonate at 60° F. 

First harden the emulsion according to Formula 
No. 17. Rinse the film in cold water for about 1 
minute, then immerse in the carbonate solution for 
1 to 5 minutes. In this time the water marks should 
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disappear. The time should not exceed 5 minutes 
in the carbonate solution. 


PRINT TONING 


The quality of the results obtained by the fol- 
lowing toning formulas depends upon the degree of 
development the print has received. Unless the ex- 
posed silver halides have been fully reduced by 
dveloping the print for the full time specified in 
the formula, the results produced in the toning 
process will be of inferior quality. 


36. Sepia Toner. 


WVACGE . tetera alates ieee 96 ounces 
Polysulfide (liver of sulphur) ........... 1 ounce 
Sodium carbonate (desiccated) ......140 grains 
Water to Make: -sxiiusta.- eis 1 gallon 


Prints must be thoroughly washed. Immerse the 
print and agitate for 15 to 20 minutes at 68° F. 
If the bath is heated to 100° F, the toning time 
will be shortened to 3 or 4 minutes. After toning, 
the surface of the print should be swabbed with a 
soft sponge or cotton, then washed for at least 30 
minutes before drying. 


37. Sulfide Toner for warm Sepia tones. 


Solution A 


Potassium ferricyanide ........................ 1 ounce 
Potassium bromide ...........................- 14, ounce 
Water to make ............................. 32 ounces 
, Solution B 

*Sodium sulfide (not sulfite) .......... 13 grains 
Water to make .................0..c ee. 32 ounces 


*Use 3 times the quantity if the crystalline sul- 
fide is used. Crystalline sodium sulfide is somewhat 
unstable and tends to liquefy. Use only the crystals 
when compounding this formula. 

The print should be thoroughly washed, then 
immerse in Solution A_ until it is completely 
bleached. Wash for 5 minutes and immerse in So- 
lution B for about 2 minutes, or until the image 
is fully toned. The toning or redevelopment time 
should not be prolonged more than 1s necessary to 
completely tone the image. Wash thoroughly for 
about 15 minutes before drying. This toner may 
also be used for lantern slides. In the latter case, 
transparency will be much improved by the addi- 
tion of 66 grains of sodium thiosulfate (hypo) to 
32 ounces of Solution B. 


CAUTION 
Do not use sodium sulfide near films or 
papers because the fumes tend to produce 
fog in all sensitized materials. 


AFM 95-1 15 SEPTEMBER 1959 


38. Hypo-Alum Sepia Toner. 


Cold water .000000000.0.....cccceeeeeececee eee. 90 ounces 
Sodium thiosulfate (hypo) ............ 16 ounces 
When completely dissolved add: 

Hot water (160° F) 2.0000... 20 ounces 
Potassium alum ....... Neds eta niape etait ake: 4 ounces 


Then add slowly the following, including pre- 
cipitate, to the above combined solutions, while 
stirring rapidly: 


Cold water ....... ee eee 2 ounces 
Silver nitrate (crystals) 2.000000... 60 grains 
Sodium chloride (salt) ...0.....0000000... 60 grains 


Then add water to make a combined 
SOMMIUION: OF) conte aie ett oneeen ce! 1 gallon 

Dissolve each chemical completely before adding 
the next. 

For use heat the solution in a water bath to 120° 
F. The prints should tone in 12 to 15 minutes. 
Do not use solution above 120° F. Black and 
white prints should be slightly darker than normal 
when toned in this solution, and thoroughly fixed 
and washed. Soak dry prints in water before ton- 
ing. To secure even toning immerse prints com- 
pletely in the warm solution and separate them 
during the first few minutes. Swab prints after 
toning and then wash one hour in running water. 


39. Gold Toner for Sepia or Intermediate Tones. 
Stock Solution A 
WV API “WALEE f5 cette tintin nonce 
Sodium thiosulfate (hypo) 
Potassium or ammonium persulfate 4 ounces 
Dissolve the hypo completely and add the per- 
sulfate while stirring rapidly. If necessary increase 
the temperature until the bath turns milky. Cool 
the bath, and add the following while stirring the 
hypo-persulfate rapidly. 
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COG. WALT secccrnccis tg ac prtnshactees ceeasied® 2 ounces 
Silver nitrate (crystals) _....0.00000........ 75 grains 
Sodium chloride ...............0.....0e:e. 79 grains 


Dissolve the silver nitrate completely before add- 
ing the sodium chloride. 


Stock Solution B 

Water 

Gold chloride 

For use add 4 ounces of Solution B to Solution 
A while stirring rapidly. Allow the bath to become 
cold, then pour off the clear solution for use. Prints 
should be washed for a few minutes after fixing 
and before toning. Soak dry pmnts thoroughly in 
water before toning. 

Heat the solution to 110° F and, while toning, 
maintain the temperature between 100° and 110° 
F by using a water bath. Keep prints separated 
during the entire process to insure even toning. 
After toning to the degree desired, rinse the prints 
in cold water. Return them to the fixing bath for 
5 minutes and then wash for one hour in running 
water. 


40. 


ee ae EO Ree a ae le ee ee ee 


Iron Toner for Blue Tones. 


Ferric ammonium citrate ................. 58 grains 
(green scales) 

Oxalic acid (crystals) 200000000000... 98 grains 

Potassium ferricyanide ...................... 98 grains 

Water: toMake? 2-2 cept 32 ounces 


Dissolve each chemical separately in about 8 
ounces of water and filter before mixing. Keep the 
solution in a brown bottle. Prints must be well 
washed and immersed in the toning bath for 10 
to 15 minutes — until the desired tone is obtained. 
After toning wash the prints until the highlights 
are clear. 
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Developers ........-.. 35-38, 43, 167, 172-174 
Developing agents .............-..-- 35-36, 39 

machines ...............-.0.08. 95-102 
Developing-out paper .............-..---. 167 
Development ............-.. 35-38, 95-102, 108 
DIAMINE. 6 26 oe k eee eke ee EA Hw REE 36 
Dichroie 169 a0 6 e,.4:ni settee pee ek se 159, 167 
Diffraction, light ..............-....5.. 7, 167 
Diffusion, light ....................0-. 4, 167 

DMN. $465 e Uae ae euta eee as 109, 121 
Dispersion, light ...................--- 7, 167 
DiStOMiOn: 65-6. <,. aco < Shh nt 4 aR ee as 26 
Dodging’ onmctnsins teetee eens 105, 109, 167 
Double fixing bath .....................-. 40 
Drying of prints 1 2.¢r2e.0.eehsaew ss 110-111 
Duplication of negatives .............-.-.: 119 








Dye bleach emulsions ..............--..-.. 140 
COUPIEMS: s7iet- ieee ees eee 140 
destruction ...........2....0000200. 140 

e 

EJ-1 film developer ..................--.-. 97 

Ektachrome film ..................... 141-144 

Ektacolor paper ............-.--.---. 141-144 

Electronic flash ..............-....05- 69, 144 

Emulsion .............-.. 000 eee eee 29-34 
DASE: eet beeen See BR Behe ee ee 29 
characteristics ...............04.. 30-31 
latitlide -s4e.5 S603 heb wc ee ewS 31, 49-50 
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tranSmission ........-.0.0.00 02 eee en 47 

Engineering photography ............-../.. 90 

Prlarvers:cotct sen ee ere eaiena ee 106-108 

Pitching” v.24 44uunemet hank er ses oes 127 

Excessive contrast .................5.000. 158 

EXpOSUVe: x 2xtduacpaenigch sites 15, 71-74, 167 
calculation .............. 71-74, 91, 150 
color film ........ 137, 140-141, 147-149 
AASH. *ASissses tated cee eels 64, 67, 118 
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TNICLEIS:. & 2c ee Se os a ek eee 72 

WOSE coe 2 tok eae 105, 109, 114, 147, 153 
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f/MUMDER 25 2Reda get poeta oodend 12-14, 167 
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Ferrotypine: ead eke akin eis bee ees 110, 167 

Fillcin lighting: 2262022504 ed senda tiwds 67-68 

Pili. 2.625354 shee ees eee 1, 31-33, 167 
COLOR deo ook edn tn bt eb 2 Bees 139-144 
developers ....... 35-39, 43, 97, 172-174 
density 242 Seb ccee eek 1, 31, 46-48, 166 
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processing Bunce etek s Boe 8 So aS 93-102 
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Filter“ density’ <»2.¢224.6ue mee ei sue ise 150 
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Filters 
8, 74-76, 115-116, 140-142, 144, 146-149, 167 
Fine-grain developers .........--.--.---5- 173 
Finger amarks’ 9.94 204 trcee hie Gas eee 158, 163 
Fixation of negatives and prints .......... 38-40 
Fixing: baths esti as see es 38-40, 175-176 
Plabe: s.:63 ho eae ele er  ee SS eae 26 
Flash photography .........-..---.+---- 63-70 
EXPOSULG: cheer eet eet eokdn a: 64-65, 118 
Flatness ............-2-..2005. 157, 159, 163 
Focal distance .........--..0. 000s 15 
length: cacti cep oheaee eeeeoyaae es 11, 168 
plane. .sss424sbese ie sereese es 11, 168 
0, re ee ee eee ee 159, 163, 168 
Formulas... .i<4e<006406453%50 20145082) 172-180 
POOteCandle .: 66.44.3546 4446 204685 S54 4eb bie es 168 
Prilling a 3.05 Pte oe h495. pees 159, 163, 168 
Pull St ps'-:a¢ 2aenps rey eon eee ase eh at 14 

S 
Gained. 6534.46 obs etre th oak. wee he 50, 168 
Gras ‘bells: 2-6-0 .8 oe ee e S es at 159, 168 
Giant spectrum ......-.----- 222s eee 134 
Glass, optical <..:...sngd pie e wader Seek es 27 
Plates wns oy ash ae ASR epee ey 6 eet 32 
Glossary of terms .........0. 0000-5002 2005- 164 
GING 6 ites 4 oad Boas wee ee Oke 36 
Gold toner eo: e%<4.4 heh Sees ednd Hodes 43, 180 
Grain; emulsion: s-c2:.0%. nt eveage cei age kee 31 
Greenish-brown tones .......---------+-+- 163 
Ground cameras ...........-0020000e 2 53-63 
Group photographs ...........-.--5----+5) 86 
Guide numbers, flash bulb ................. 64 
Guides, exposure ....-...--.--5-----5: 64, 73 
h 

H and Decurve............ 00200000 see 48-51 
Halation ............ 00000 eee ees 154, 168 
Halftone screen ...... Pie Manat ee aire 117-119 
Halft6nes* 2.2326 424 4ee a Masa eee 117-119, 168 
Halides, silver ...........------ 1, 30, 35, 168 
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Hand camera .....................0-5. 55-62 
stain remover ................... _.178 
Hard negative or print ................... 168 
PIaGdeners: 6 a 4.4 sateen ene deue elas 39, 168 
Hardening baths ..................... 39, 174 
Harmony, color ..................... 135-136 
High-contrast developer .................. 172 
1, | ee a ce rc ree 114, 174 
Highlight mask ....................0..... 150 
PAG. dete hie a ee es oe be ke oe De 135 
Hydroquinone...................... 36, 168 
Hype) 523 5.45 3504ccsuh ted ereee 35, 39, 40, 168 
eliminator ........................ 176 
test solution ................... 41, 176 
Hypo-alum sepia toner ............... 42, 179 
I 
Identification photographs ............... 91-92 
Images Inverted. o0:5 «eters ecg eae ae ete by 9 
latent 244-44 5400-8 ect ceece Lule 1, 29, 35 
Permanent 2642 pos coeiana vena rwee 1, 29 
FEVEISAl  <254 6 Sob beddewww de aw inked oss 161 
SCAG? ce ehte ten ls mit, Soe be led 15, 170 
SIZ@: = Berses earns rats oe ee eee 17 
Infrared emulsion ............ Cee ee 33 
Incident light: 201.2 attendee eee esses 4 
Infinity’. 265 ascends eure nade ee glace 11, 168 
Intensification ....................... 42, 169 
Intensifiers ....................0.0-- 42, 176 
Interior photographs ...................... 90 
Inverse square law ................... 12, 169 
Iron toner... 2-6 eee eee 180 
k 
Kelvin color temperature ................. 135 
Key stop system ..............-....0 00005. 73 
Kodachrome film ........................ 139 
Kodacolor film .....................0008. 143 
; 
Landscape photographs .................... 85 


Lantern slides .......................... 120 
Latent image: o.42i2 bess cle sae Goes 1, 29, 169 
Latitude, emulsion ................ 31, 49, 169 
Beading “lines: 44244 seeeende-awd dts tae 80-81 
NGOS. 5 Ans Se ihe ae ete se ere 8-28 
aberrations ...................... 24-26 
characteristics ................... 11-14 
COVERAGE. siden uahteviceedeeeteny 17 
f/MUIMbEr  s:62 6 bei dc bee te paved deeed 14 
CUAlIGY. Shatter pee pieces aoe eine 27 
resolving power ...................-. 93 

tVPGS: woe beets once sade ede! 24 

Lines suggesting lightning ................. 160 
DAGA, 424s cecoaits he ee ah bert Bes 3-8, 134-135 
measurement ..................2-.. 134 
painting She ES st Bint bated he A Ge BPE 90 
polarized ee ee ee ee ee ee 75 
WAVES 0 ee eee 3, 134 

Light print..............0.0.0.0..-0008. 164 
Low-contrast developer .............. 173, 174 

m 

Marginal faysi c's uess shew AG a dak od oes s 94 
Masking .o.utvidhtioe hea 104, 150-151, 169 
Maxwell demonstration ................... 131 
Mechanical flare .......................0.. 26 
washers ................00000. 41, 109 
Medium contrast developer ............ 172-173 
Mercury intensifiers ................ ..42, 177 
Meters, exposure ......................-71-73 
Metol developer ..................... 36, 172 
Metol-hydroquinone developer ......... 36, 174 
MICKO™:CODIES: sciintea eect enacts eee 120 
Mosaics, copying ...................-.... 117 
PrN G4 494.28 ea Sasa ..105 
Motion picture A hiss Boe oe esd ees 39 
' Mounting of photographs ............. 111-112 
Muddy tones: 3.225 c2utsntene Gane seee ae: 163 
Multiple flash ....................0 50.05. 67 
Munsell color system ..................... 135 
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Negative, blocking ................... 128-129 
detects: «2+ b<shh-vee bad dude etestes 157-162 
duplication. 24.36 aust ane eens 119 
emulsions ...............-....05. 29-31 
CtChing «4205 tea ideetcowe es etd! 127 
materials ..................2006. 31-32 
PFOCESSING. 4e0446r)45 Sonera sg Saws 93-102 
PCLOUCHING: <<. ycin toutes esas 121-125 
SDOUUNG 24%. 24dcnsceewetey «wade eae 128 

Negatives, separation ................. 151-154 

Neutralizer: 4 15-3 4b 6 Bei 4 ee oe eA eR SEE ee 38 

Nitraté: base) «<4. 6 6540550 25245525465 29, 169 

Notching®:codé: esos vir eta rn Ake 33 

Noncurl backing ......................... 30 

O 

Opsclty: 2c iagtuseticl ener esu eat 47, 169 

Open Hash 3 fo are eileen ens ae 62 

Optical PARE ee ke, Sh ee a a ee oe ke 26 
BLASS” Sige k Pa eh eA Sato aiaeg bs 27 

Optimum aperture ....................4.. 24 

Orthochromatic film .................. 30, 169 

Orthonon film .....................-.. 30, 169 

Pp 

Painting light™:2.0954 scesetetu crea een ve 90 

Panchromatic film ................... 30, 169 

Paper, printing sca esds2ceseehesusaka: 33, 103 
developers .............. 35-38, 43, 174 

Perspective: 4355.4.6%t0rtectsctaie sities 17 

Photographic balance ................... 79-80 
chemistry deeds Oe. eaten ale dita G ce SAN eae 35-44 
CXPOSULE ink oR poe ope odie £9.65: 71-76 
solutions ..............-.-.. 43, 172-180 

Photography, corrective ................... 77 
of specific subjects ............-.. 85-92 
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Pinholes ..............0. 00002 eee 128, 160 
Pitcmarks) 2%. oh. cee ce oes Sh Oo 160 
Polarized NOG 2h wed aids Seana gS ar 75, 170 
Polarizing filters ....................... 75-76 
Portraits .............. 000 eee ee, 91-92 
Potential, reducing ....................... 36 
Prehardener, for films .................... 175 
Preservatives .................... 37, 39, 170 
Primary colors .................. 94, 131, 137 
Print:cOntrast «5&2 4.5 423 taece cdo eee see 103 
Gelects 203.924e 44a seen eed ns 162-164 
GULUSING: 482 $e5gtenyeeger yieee 121 
ORVErS: 2.4234 e Geta wants einen 4 eee 110 
ANiShING 364 e2de heuer agethsed 109-112 
Spotting” 24 tdi taki wae ace 129-130 
WASNETS: ss 4-4 Acaetnd MOE oe, 4b Bis we Gee 109 
Printing, contact ............-... 104-106, 119 
MASK. & Kho bee OR ee he Sa es 104 
Papers: aces eas Meee tbs ene 33, 103 
PIOj€CtiOn: 2.64454 S45 lave 106-109, 119 
PontOn - 2484-4-856-2 dat bbaw Ree eee 145-148 


Processing, color film 
139, 140-141, 142-144, 148 


techniques ............. 93-102, 104-109 
Proportional reducers ..........-. 42, 170, 178 
Protective coating ..................-.0-.- 30 
Public information photography ............-. 9? 
Purification of water ................2.005. 44 
Purple discoloration ..........-...... 160, 164 
Pyro Geveloper 3.4.4044414 6945 ae att doy’ 36, 172 

r 
Rapid developers: .cciwcas Mek dawe ee tae 084 173 

fixing bath 2.2:0.0sae tangs tae See as 176 
Redevelopment intensifier ..........--.-... 177 
Reducers: ¢.24.0.5560 044.8 205261 Orne 41, 177-178 
Reducing agents ...........-.-----+:- 35, 177 

potential Prd the ck cave ee “pie ae 36 
Reduction of print size .....-.---.---+--- 107 
Relief positives .......--.. 0-5 -- 20 eee eee 149 
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Replenishers ..........-...0-002 0005. 173-174 
Removal of water tanks .................. 179 
Réstraineis: ss. tied 4a se eae uw awed 37, 170 
Resolving power, emulsion ...........- 31, 170 
[ENS 3b ee eh eke that 23, 170 
Reéticulation® «4.66024 0+ e465 wave Shi oa Paes 160 
Retouching: 22c:u2hcsmkee tere oot 121-127, 170 
Reversal of image ...................04-. 161 
Rinse baths ................-.020005. 38, 174 
Rol filim? 2260 cba esa bape e eat 31 
processing ...........-.....005, 95-102 
Ss 

Salclights:. i404 erate ounnctadeene orn 93, 170 
Screen processes .................0-0005 132 
halhOne: «344402 Fe hehee ewe Hex 117-119 
Secondary COlOIS: arise ied age k edu. 132, 135 
Sensitized materials .................... 29-34 
Sensitometers ................000 2.0000 45-51 
Separation negatives ............. 151-152, 170 
Sepia toners ..........0.0 0-00-00 eee. 42, 179 
Shutter release ............-...00 000004 eee 56 
SNCCdS ert ad ted ctan abate 53, 56, 89 
synchronization ..........-.......--. 66 

WWDES’ abides tee eee eee ee 56 

Silver intensifier ..................... 42, 177 
, MOAUING © i-h.5 ih etre Lem ied es bik ph G y 105 
Softening baths ......................5.. 110 
SpPeCthUM: autre cde cenenearswndiies ces 134, 171 
Speed, emulsion ...........0. 00000000 30, 47 
IONS: 4.x tons Re Pin deo dees 12-14 
SHUWttEn 3 2 54 Gi eae ee Ae 56 
Spherical aberration .................. 25, 171 
SPO Herne awe ha coed ndetoeaded: 158, 164 
Spotting, negatives ..................0-0-. 128 
DUNG. Gioce ttn tes eee men doucs teks 129 

Stain removers ..........-.200000 05 eevee 178 
Stop and hardening baths ............. 38, 174 
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Streaks, Ne@anve: snc ee eee Geeta tg eed 161 
Subtractive process ........--.-+.----. 133, 171 

POAUCEM: 42 c6t chbeedie a oe 41, 171, 178 
Sulfide toner .............- 02000 e eee eee 179 
Super-proportional reducer ........- 42, 171, 178 
Synchronizer, flash ............... 66, 69, 171 
Synchro-flash photography ............-. 66-70 
Synchro-sun photography ................-. 67 

t 

Tank development ...........-......-.. 94-99 

WASHING” § cp5ewun wihytew oe Re wen ns 41 
OSX DOSUPE: a. aera dee ana escain Baers 103, 107, 112 
Testing for presence of hypo ........... 41, 176 
THIN ReCAlIVe .> aes oeear thee beet eRe 160 
Time gamma temperature chart ............ a1 
Time scale sensitometer ................. 45-46 
PL INU SCOlOF: chai ue ets ok kek tt ete BE .135 
SGI CTS: 0,4, fas sae ea ee eA 42, 179 
TOWING. x4 dase vas eiateweug tes nae 42, 179 
Translucent medium ................-. 4, 171 
Transmission, emulsion ............-...---- 46 

light: ¢utteeg wise etten kG atees 4, 171 
Tr¥ansparency® 2254 ae seeo fatten ee 33, 171 
Transparent medium ...........-.--------- 4 
PAY ClEANel oi acteee oe won ene ae eis 178 

WashiNt’ 2204-1 dcya nese awenee s Late 109 
Trimming of prints «04 dis 2d oceans 111 
Tungsten light: u60s00; tere eet eee 171 
Two-solution Farmer’s reducer ......-....-- 178 
Type A-2 Camera .......---- 0 eee e eee. 113 

Ceol Camera: 6 605 2% dake ees eek s 53-62 
Typesot Jenses; apo oterd tae ahi ya see ae 24 

shutters ........ 0000 eee eee 54 

U 

Ultraiviolet fays 360s 6.b.6. 4g ond be ieee ges 17] 
Uneven development Aa rdkcly ces er lenun cine a lee hee cee Bs 162 

AXALION: 20s ch exer eva ee eo Hae 162 , 164 


Value. ColOr io «4% wavs 2atyaieeaewitg adhe 4 137 

brightness: #20, 2403628456444 54an<2: 8 
Vernier scale ..................--0 0-00 20 60 
View camera .................0-000008- 53-55 
Viewfinders .................. 00000 e ee 60-61 
Vignette process ................2.200000. 171 
Visible light. 2:25 25 Anca neice sent pares 171 
Visual extinction exposure meter ............ 73 
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Washing, negatives ....................... 40 

PEN -siveese desk Othe eh ee 40, 109 
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Water purification Ball th GE Bits Suet ee ea Bch oy) te ke eo 44 
Wave CNOIOY:, 2 apt o ae 2.4 2G), ten ad aes a 4, 135 
White deposit 6 hte de Beene et Sn, aa tea ee AS ee es 16? 

SPOS a fe 5.26% Peto aee tae ond 161, 164 
Wide-angle TGS, ce oe a ee ee 61-63 
X-ray GH oon 6 ee kee ease 33 
Yellow stains ....................... 162, 164 
Young-Helmholz theory .................. 132 














